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ABSTRACT 


\ 


This  report  describes  the  resTilts  of  e3!postirea- to  H  vapor  of  men 
■wearing  ordinary  clothing  and  unprotected  except  for  nasks  and,  in  sono 
cases,  protective  shorts,  over  a  wide  range  of  exposure  conditions.  Various 
nethods  for  the  eval^2ation  of  the  results  obtained  are  presented  end  dis¬ 
cussed. 

The  severity  and  locations  of  bums  from  a  given  CT  of  H  vapor 
•were  narkedly'inflxxsnced  by  the  terperature  of  exposure.  At  low  tenpera- 
■tures  (70“’  F,,)  active  B->veat  secretion  and  H  vapor  bums  were  predominant¬ 
ly  in  the  axillary  and  genital  regions.  At  hi^  terperatures  (90®  F,), 
both  Evreating  and  H  vapor  burns  vrera  generalized.  The  threshold  tempera¬ 
ture  for  generalized  siTCating,  and  conseqxiont  increased  susceptibility  to  ’ 

H  •vapor,  -was  approximately  85®  F,  for  lightly  clothed,  resting  men. 

Variation  in  relative  humidity  had  the  most  pronounced  effect  on  suscepti¬ 
bility  to  H  vapor  at  85®  F# 

Conditioning  of  the  men  before  exposure,  either  artificially  or 
because  of  climatic  conditions,  had  a  significant  effect  on  the  reactions 
produced  from  exposure  "to  H  vapor.  Suppression  of  sweating  by  application 
of  oluainum  chloride  to  the  axillae  prior  to  exposure,  reduced  "the  severity 
of  the  re  stilting  H  bums.  The  application  of  lanolin  to  tho  skin  prior  to 
exposure  had  no  effect  on  the  restilting  H  bvims,  whereas  -wetting  of  "tho  skin 
with  artificial  sweat  increased  -the  severity  of  the  burns. 

The  scrotal  region  was  the  most  -vulnerable  area  of  -the  body  to 
E  vapor  and  would  bo  -the  most  important  area  in  -the  production  of  casualties. 
It  -was  found  that  ulcerated  and  crusted  lesions  of  the  penoscrotal  region 
required  from  throe  to  foxu*  weeks  to  heal  -j-rith  the  mon  at  bod  rest. 
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ETTRODUCTIOII 


A.  Authorization. 

1.  This  work  was  authorized  u.nder  Project  llo.  547/41,  "llaintenance.  Bureau 
of  Ships"  dated  16  December  1940.  The  problens  ivhich  were  proposed  for 
study  were  given  in  BuShips  letter  S-S77-2(Dz),  serial  811  of  17  Decenber 
1940. 

2.  Participation  of  volunteer  Naval  persornol  in  tests  for  the  study 
of  vesicant  gases  was  approved  by  the  Secretary  of  the  Navy  (Acting  Sec* 

Nav.  Itr.  to  OSRD  dated  8  liay  1942).  Pcrforzianco  of  such  tests  at  the 
Naval  Research  Laboratory  was  approved  by  the  Chief  of  the  Bureau  of 
liedicino -and  Surgery  (Biffed  Itr' Serial  No.  445  X:0A  All/fe:iO(430320)(SC) 
dated  20J.Iarch  1945), 

B.  Statcr.ont  of  Problem. 

B,  This  investigation  was  imdortakcn  to  dctorriinc  the  effect  of  H  vapor 
at  different  concentrations,  and  at  various  conditions  of  tenperature  and 
rolo.tivo  hunidity,  on  men  vrcaring  gas  maslcs  and  ordinary  dlothing,  Tho 
results  obtained  vrauld  servo  too  purposes,  namely,  a  more  cor^ilcte  Iciow- 
Icdge  of  *thc  effects  which  v/ould  bo  expected  from  on  H  attack  in  the  field, 
and  clsoi  by  cor^arison  ivith  other  chamber  data,  a  more  adequate  evaluation 
of  the  protection  afforded  by  different  types  of  protective* clothing  under 
diverse  conditions.  During  tho  course  of  tho  investigation,  it  became 
evident  that  it  would  be  v/orth-whilo  also  to  deternino  tho  extent  of  sw'eat- 
ing  of  different  areas  of  tho  body  under  various  conditions  of  tonpcratiu'o 
and  relative  humidity  and  to  correlate  tho  results  vdth  those  obtained  by 
exposure  to  H  vapor  xmdor  the  sano  conditions. 

C.  Knoi’m  Facts  Boaring  on  tho  Problon.  ' 

4.  It  has  generally  been  recognized  that  vdicn  non  aro  o:q)oscd  to  H  vapor: 

(l)  Ordinary  clothing  offers  very  little  protection; 

(2.)  Increase  in  CT,  by  increasing' either  tho  concentration  of  the 
agent  or  the  timo  of  exposure,  increases  the  severity  of  the 
skin  reaction; 

(3)  At  a  given  concentration,  more  severe  reactions  occur  at  higher 
toi:5)oraturos  and  liiraiditios,  in  sianmcri  and  during  exercise; 

(4)  In  any  individual,  marked  differences  exist  in  tho  suscepti¬ 
bilities  of  many  of  tho  body  regions;  and 

(5)  There  is  also  considerable  variation  in  tho  suscoptibilitics  of 
different  individuals, 

5,  Little  preciso  informr.tlon  pertinent  to  the  above  statements  or  tho 
ncchanisms  involved  has  been  available,  HoiTcvcr,  it  is  suggested  in  much 
of  tho  available  literature  that,  directly  or  indirectly,  tho  suscepti¬ 
bility  of  the  skin  to  H  vapor  is  closely  related  to  the  siTcating  process. 

.6.  In  C.D.  (Australia)  Report  No,  40  dated  22  May  1944,  it  is  stated  that 
men  exposed  in  the  chamber  to  H  vapor  at  CT  150-200,  90®  F,,  and  62-85J?  RH, 
received  sovoro  generalized  erythema.  The  men  vroro  regular  clothing  and 
were  OToating  profusely  during  exposuro  so  that  their  clothing  tos  satura¬ 
ted  with  swoat.  Exposuro  at  similar  CTs  at  70®  F.,  66-95^  RH,  affected 


minly  the  neck,  axillae,  and  scrotum,  but  two-thirds  of  the  men  showed 
generalize^  erythema.  The  skill  of  these  latter  men  7?aB  described  ns 
darap  and  the  clothing  as  dry.  All  subjects  performed  moderate  exercise 
while  in  the  chamber.  The  writers  concluded  that  temperature  played  an 
ic^ortont  port  in  determining  the  severity  of  the  lesions  but  that,  within 
the  range  tested,  hiaaidity  played  no  significant  role.  In  C.D.  (Australia) 
Report  Ko,  41,  dated  19  May  1944,  it  is  stated  that  exorcise  of  the  subjects, 
during  field  or  chamber  exposuro  t-o  H  vapor,  plays  an  ir^jortant  part  in 
increasing  the  severity  of  the  Icsiofm. 

7.  Experiments  carried  out  at  Porton  indicated  that  the  ir^iortant  factor 
in  increasing  the  susceptibility  is  the  moisture  present  on  the  skin  sin*- 
face,  but  no  correlation  was  found  between  skin  toimsrature  and  physiologi¬ 
cal  effects. 

8.  By  xaeans  of  exposures  of  human  forearms  on  tho  vapor  train  at  UCTL, 

Dr.  Simon  Black,  et  al,  have  demonstrated  that  H  vapor  in  moist  air  caused 
much  more  severe  reactions  than  H  vapor  in  dry  air  at  any  given  CT.  ’  Sweat¬ 
ing  sidn  was  found  to  be  somewhat  more  susccpt’.blo  than  non-sTreating,  but 
the  difference  was  slight  compared  to  the  increased  susceptibility  when 

the  H  vapor  was  in  moist  air  rather  than  in  d_“y  (CSRD  Report  No.  3944, 
dated  30  August  1944), 

9.  In  C.D.R.E.  (India)  Report  No.  285,  dated  29  Novesibor  1944,  it  is  ro- 
portod'that  two  men,  wearing  tropical  battlodross  suits  and  CC-2  iiiqprognated 
shorts,  wero  exposed  in  a  chamber  to  H  vapor  at  an  integrated  CT  of  750 
(T=»16  minutos),  87“  P.,  and  64^  EH.  The  men  tdio  had  been  exercising  so 
that  thoir  clothing  was  sweat-saturatod  at  tho  time  of  entry  into  tho  cham¬ 
ber,  sustained  generalized  second  dogroo  bums  with  edema  and  vesication 
and  woro  both  incapablo  of  further  military  duties  for  four  hours  to  four- 
toon  days  oftor  oxpbsuro. 

10.  At  tho  Diiiversity  of  Chicago  Toxicity  Laboratory,  studios  have  boon 
mado  of  tho  vosiodnoy  of  HN3  smokos  on  tho  foroom  hold  in  tho  wind  tunnel 
(NDRC,  Division  9,  Informal  Monthly  Progross  Report  No.  9-4-1-23  dated 

10  Dooomber  1944).  ^ince  active  socrotioh  of  sweat  lowors  electrical  re¬ 
sistance  of  tho  skin,  skin  rosistanco  moasuromonts  wero  tokon.  "In  any 
single  run  it  was  possible  to  predict  which  man  would  develop  moro  'sovoro 
reactions  on  tho  basis  of  skin  rosistanco  moasxiromonts.  Tho  prodiotions 
are  much  loss  reliable  between  runs  do  not  eppear  to  bo  useful  between 
profusely  sweating  observers  and  those  ot  tho  incipient  swoatiiag  level." 

11.  In  Porton  1601  A(Vjl358)  dated  7  February  1945^  chamber  tests  on  rest¬ 
ing  Esn  (presumably  not  showing* gonorolized  sweating)  at  even  higher  CTs 
(CT  1190  (T»85  minutes),  68*  P„  69^  RE  and  CT  1860  {!■  60  minutes,  47®  P„ 
67^  RHJ'  ore  reported.  Intense  reactions  wroro  observed  on  tho  moks 
axillae,  and  odoma  and  vesication  of  tho  ponds  occurred  in  most  of  the  men. 
Reactions  on  tho  rest  of  tho  body  wero  much  milder.  Similar  results  wore 
obtained  with  CT  1170  (T-  6  1/2  Minutes),  68®  F.,  69^  RH,  and  it  was  con¬ 
cluded  "that  tho  rule  CT«donctant  had  boon  domonstratod  with  sufficient 
acctaracy"  itor  men  wearing  plain  clothing. 
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12»  In  OSRD  Report  Ho*  6169,  "Obsenmtions  on  tJia  Role  of  Water  in  tRo 
Susceptibility  of  Hunan  Sldn  to  Vesicant  Vapors",  dated  12.  April  1945, 
Renshow  has  rovicTTcd  the'  litcratva*o  pertinent  to  the  aechanisn  by  -sThich 
sweating  skin  is  noro  susceptible  to  H  vapor  and  has  pe  rfomed  sonc 
original  c^^jorinents.  Eo  found  that  the  skin  of  the  arcs  of  non  %dio 
were  noT visibly  siseating  suffered  a  greater  ixt^nry  fron  H  vapor  (applied 
by  vapor  cups)  if  the  skin  r/vre  -vrot  •with  a  filn  of  distilled  water  at  the 
tine  of  vapor  espiosuro  than  if  the  skin  •were  "urwot'fced"  or  "dry"*  In¬ 
creased  susceptibility  •was  not  observed  if  the  v^otted  skin  •srare  allowed 
to  dry  before  exposiire  to  H  vapor.  Wetting  tlio  skin  after  H  vapor  expo¬ 
sure  did  "not  mrkcdly  influence  the  severity  of  the  injuries  which  sub¬ 
sequently  developed".  Ho  narked  difference  tras  found  if  the  skin  •wore 
•wetted  .•vd.th  4^^.  HoCl  instead  of  distilled  wator.  It  Tras  concluded  that 
the  presence  of  -water  on  end  in  the  surface  layers  is,  to  a  considerable 
dogrooi  responsible  for  the  vrcll  knonn  hoightened  pacceptibility  of  hot, 
sweating  skin  to  H  vapor, 

13.,  Recent  mn-chanbcT  tests  conducted  by  Lt,  Condr,  -J,  F,  Troxel,  fiC. 
USH(Rot.),  nt  TJCTL  (infomal  Report  Ho.  H.S,  1,  dated, 15  April  1945), 

•which  oro  especielly  significant  because  of  the  large ‘rtunbors  of  subjecta 
or^iloyod,  denonstrated  thati  at  any  given  tenporaturo,  an  increase  in  re¬ 
lative  bxsaidi-ly  resulted  in  on  increased  severity  of  roac'iion  to  E  vapor 
at  CT  100,  Conversely,  at  ony  constant  relative  hunidityi  a  rise  in  ton- 
peratuno  also  resulted  ir.  an  increased  sovori-t^'.  The  greatest  increase  in 
severity  for  a  10“  F,  rise  in  temora-tura  occxirrod  bo-trween  80“  F,  and  90“  F, 

H,  Theoretical  Considerations 

14*  Recording  end  e-valuation  of  data.  Almost  every  groiq)  studying  the 
effects  of  vesicants  on  hvman  volunteers  enploys  a  different  system  of 
nonencla-fcuro,  recording,  and  ovalmtion  of  data.  While  a  noro  ttnifom 
ncOiod  -wotild  bo  desirable,  it  is ‘also  e-vident  that  particular  problons 
involve  different  considerations,  o,g*  s-tud'los  on  \mprotectod  non  as 
comparod  -vdth  those  in  Tjhich  protocti-re  clothing  is  worn  ond  studies  on 
smll  skin  areas  as  oonpared  -with  those  in  -which  total  man  ©xposuro  is 
erjjloyod, 

16,  This  problem  has  boon  cogently  discussed  by  the  Physiology  Section  of 
A*F,E,S,  xmdor  Lt,  Col,  F,  Gorrill  In  Phys/C/S,  an  interim  discussion  "on 
Reporting  Results  of  Hunan  Exposuro  to  Vesicant  Vapor",  dated  25  -January 
1945,  In  "this  discussion,  it  is  rocomondod  ^Jiat  tho  body  surface  bo 
divided  into  a  gi-ven  nuriber  of  anatonical  regions  and  scoring  ho  dono  "on 
tho  basis  of  naximum  losion  sustained  by  tho  B\d>jcct  in  easy  given  oroa, 
irrospocti-vx)  of  tho  tine  at  -which  it  occurs", 

• 

16,  In  C.D,  Australia  55,  by  Lt.  Sinclair  dated  18  October  1944,  tho 
effects  under  tropical  conditions  of  E  -vapor  from  CT  56  to  765  on  98  non 
under  varying  conditions  of  oxposuro  tine,  torjpora-turoi  and  RE  have  been 
.cqnsidorod,  Loslons  for  each  aroa  ha-vo  boon  evaluated  by  a  oooffioient 
which  cotibinos  incidonco  and  severity  (nunbor  of  non  offcctod  in  that 
region's  -tho  moan  score  per  losion).  This  method  -was  used  for  a  given 
region,  but  -was  not  ;ised  to  assess  -fcho  total  soveri-ty  of  reaction  of  a 
grovtp  of  men  under  spooific  conditions  of  tcr^iora-tiiro  and  re, 
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17.  A  siirdlar  system  has  been  in  use  at  IIKL  which  combines  incidence  end 
severity  for  a  region.  The  average  sraa  cf  this  product  for  all  the 
regions  represents  the  total  damage  index  for  a  given  set  of  conditions. 
Recently  it  has  been  found  desirable  to  increase  the  nusiber  of  body  sub¬ 
divisions  described  in  taking  readings  althotigh  these  may  he  condensed 
later  to  facili'‘  ate  compai'ison  wjth  older  data. 

18.  Tho  index  for  a  given  region  should  probably  take  tho  following 
factors  into  account; 

(1)  Intensity  of  reaction 

(2)  Area  of  skin  represented  by  a  region 

(3)  Casualty  effect 

(4)  Regional  Susceptibility 

(5)  Individual  variation 

Intensity  of  reaction.  Tho  scale  of  readings  used  at  this  Laboratory 
has  developed  gradually  and  while  the  terminology  is  somev^hat  cliaasy,  it 
has  been  foimd  satisfactory  for  subsequent  translation  iabo  nunorical 
values.  Since  most  of  tho  studios  in  this  report  involve  no  damage  greater 
than  a  severe  erythema  (except  for  tho  axillae  and  gonitcl  region)  it  is 
evident  that  tho  description  of  severity  is  quite  different  than  for  the 
more  severe  effects  observed  by  tho  Australian  group#  It  would  bo  ideal 
to  incorporate  tho  time  to  roach  mnxinum  severity  end  tho  healing  tine 
into  an  index,  but  tho  ccc^lexity  introduced  Indicates  it  is  bettor  to 
treat  tho so  factors  descriptively. 

20.  Area  of  skin  ropresontod  by  a  region.  It  is  well  known  that  tho 
total  skin  oroa  involved  is  highly  in^iortant  in  thermal  bums  (and  probably 
for  chemical  binns)  in  dotorminlng  the  degree  of  shock  produced.  Tho  , 
striking  difforoncos  in  area  involved  in  reactions  to  mustard  vapor  at 
high  and  low  toaporatwes  mdo  it  evident  that  it  would  be  desirable  (for 
special  studios)  to  introdixoo  a  factor  weighting  areas  so  that  regions  of 
totally  different  areas  like  the  thi^  and  axilla  would  not  bo  weighted 
eqiially  in  tho  index.  Tho  factors  used  in  the  present  report  are  highly 
arbitrary,  but  have  been  holpful  in  express ing  the  area  effect.  It  is 
felt  that  tho  naximun  reading  for  any  area  is  adequate  and  that  it  would 

bo  impractical  to  attcript  to  delimit  tho  readings  any  further* 

21.  Casualty  effect.  Casualty  effect  would  bo  a  desirable  and  most 
practical  factor  in  an  index.  It  has  been  icpossiblo  to  ovaluato  this  in 
the  present  work  except  on  a  descriptive  basis.  ’Most  of  tho  experiments 
in  this  series  did  not  re  stilt  in  truo  castialtios,  except  those  wkich 
caused  lesions  of  tho  axillao  and  scrotum  which  will  bo  discus'-od  below. 
Outstanding  studios  in  tho  evaluation  of  casuoltios  with  great  practical 
importance  have  boon  carried  out  by  tho  Australian  group* 

22.  Regional  susceptibility*  It  would  bo  ideal  if  the  threshold  CT  re- 
qtiirod  eo  produce  erythema  and  vesication  wore  accurately  known  for  each 
region  under  a  given  sot  of  conditions.  It  would  bo  of  interest  to  know 
if  the  ratio  of  erythoma  lovol  to  vesication  level  is  constant  for  differ¬ 
ent  regions.  Adequate  data  are  not  available  to  ascertain  this* 
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23,  Individunl  variation.  A  test  to  predict  how  a  giTen  indiridiial 

vail  react  to  E  vapor  has  not  been  developed.  The  influence  of  this 
variable  must  still  be  minimized  by  using  as  many  men  as  possible  in  each 
tost. 

E.  Previous  ffork  Done  at  this  Laboratory. 

24,  KRL  Report  Ho.  P-22C8  dated  22  December  1943  contains  a  description  of 
the  design  and  operation  of  a  chamber  for  exposing  human  sub  ejects  to  loicwn 
concentrations  of  H  vapor  under  controlled  conditions  of  temperature  and 
humidity.  URL  letters  to  BuShips,  0-577-2(459-1570 )»  0-459-604  dated  EC 
October  19'44  and  C-S77-2 (459-1570 /JHS).  0-459-119/45  dated  10  March  1945, 
include  a  preliminary  report  on  the  effects  of  CT»  tenporature.  and  relative 
humidity  on  the  reactions  of  men’exposod.  to  H  vapor  when  vraaring  ordinary 
clotliing.  In  the  present  report,  ^1  the  basic  tosts  vri-th  H  vapor  carried 
out  at  this  Lcsboratory  to  May  1945,  ore  sumnarizod. 

EXPERIMEHTAL  PARI 

Part  I  -  Procedtire. 

A*  Basic  Tests  vvith  H  Vapor. 

25,  Basic  torts,  as  defined  at  this  laboratory,  are  tosts  vdth  vosicont 
vapors  carried  oxit  on  men  vrcdring  ordinary  clothing  ond  ui^rotoctod  except 
for  masks  and,  in  some  cases,  protective  shorts. 

(1)  General  Procedure  for  Basic  Tests. 

26,  Tost  subjocts.  The  men  used  in  these  torts  vrero  volunteer  Haval  per- 
Bormel'lCrom  USHIC,  Boinhridgo,  Maryland,  and  vsora  usually  soamon  second 
class,  from  eightoon  to  tvronty  years  of  ago  vdio  had  Just  cangiletod  their 
"boot"  training.  Most  of  their  hcaac  s' vrero  in  tho  Atlantic  Seaboard  Stp.tes, 
both  north  and  south  of  Washington,  D*  C.  All  men  rocoivod  a  routino 
physical  and  laboratory  examination  (blood  and  uriim))  and  only  those 

.  approved  by  d  laodical  officer  participated  in  tho  experiment  a.  'At  tho  end 
of  tho'  torts,  tho  men  vrore  granted  spociol  leave  and  an  entry  vvas  mode  in 
their  sorvico  records  attesting  their  atto'  danoo  at  this  activity,  Rooont- 
ly,  authorization  has  been  granted  for  the  commanding  officer  to  give  oom- 
sjondation  to  especially  dosorving  individuals, 

27,  Clothing.  During  chamber  exposure,  tho  men  wore  standard  issue  skivvy 

shirts  and  Nainsook'  shorts,  vratch  caps,  bl\je  donim  shirts,  dungaree  pants, 
standard  socks  and  shoes.  Shirt  collars  vroro  buttoned  and  shirt  bIoovbb 
VToro  buttoned  at  tho  •wrist.  All  men  vroro  HD  Mark  III  or  IV  masks*  In  sorsa 
of  tlio  tortsi  tho  Nainsook  shorts  •vrero 'replaced  by  CO-2'  ispregoa-tod  shorts. 
Those  latter  vroro  of  •fcho  rib-knit  typo,  inpregaatod  by  tho  aquoous  process, 
and  contained  about  0,5  mg,  01*/°®^*  ^  tosts  since  1  January  1945*  -the 

men  have  vrom  suspenders  mads  of  carbon  coatod  clo'fch  (August  model).  The  . 
pro^bection  afforded  by  those  suspenders  causes  a  subjacent  area,  of  relative¬ 
ly  normal  Rkin  •which  ^on'trosts  •with  the  orythomatous  areas  and  facilitates 
obserrotions  (Fig*  S5,  Plato  10),  Subjects  dressed  for  a  basic  test  are 
illaistratod  in  Fig.  1,  Pl^to  I* 


28*  Tl^o  chrgbert  Ti'iis  chnriber  hus  been  described  in  detail  in  ITRL  Report 
Ho.  P««22D8«  Briofijr,  it  is  10  feet  by  15  foot  by  12.  feet  hi^  and  has  a 
volm^  of  1800  ft.^#  It  is  operated  as  a  static  charhor,  no  air  being 
passed  through  dijring  a  tost,  but  the  air  present  is  kept  in  notion 
(avorage  velocity  «  2*0  n»p»h.)  by  stdtable  fans* 

29*  Concentration  of  agent.  Volatilis jd  redistilled  thiodigljfcol  custard 
■was  introduced  into  the  chamber  as  needed  to  establidi  and  maintain  tho  de¬ 
sired  conccntrfitioa  on  the  basis  of  llorthrop  tixrincter  analyses  (bronirie 
method)  iduch  v-vro  made  every  five  minutes.  Tho  average  concentrations  of 
E  vapor  in  tide  scries  of  tests  varied  from  1*67  to  11.7  nicrograms  H/litcr. 

Tine  of  e::posia*Q*  All  b..S2  0  tests  -vrere  single  exposure  tests.  In  all 
cases  the  tins' of  exposure  WiS  60  (_+  2)  minuter,  except  the  tavo  tests  at  CT 
50  in  which  the  exposure  time  ms  thirty  minutes. 

31.  CT.  CT  represents  the  product  of  the  concentration  of  the  agent  and 
the  time  of  exposxire;  and  v^ere  the  units  are  not  expressed,  is  understood 
to  bo  in.  Euorogrotn  minutes  per  liter.  In  this  series  of  tosts,  the  CT  em¬ 
ployed  was  varied  from  50  to  700.  A  complete  list  of  ttese  CTs  is  present¬ 
ed  in  Table  HI, 

32.  Temperature  and  relative  humidity  (RH).  The  chamber  temperature  was 
elevated  by  electric  heaters,  and  was  lowered  by  means  of  ioe.  Eunidifica- 
tion  was  accorplishcd  by  the  introduction  of  steam;  dehumidification,  by 
the  use  of  ioo.  Both  temporatxiro  and  htraidity  were  regulated  and  recorded 
by  a  two-point  Bro’.m  recording  controlling  potentiometer  which  operated 
through  wet  and  dry  bulb  themoccuples.  All  tenperaturos  given  are  dry 
bulb  temporaturos  of  the  ambient  air  expressed  in  degrees  Fohicnheit; 
Moasuremouts  of  radiant  enorgy  effects  havo  not  been  made. 

33.  Aotivlby  in  the  chamber*  Tho  mon  stood  at  base  in  tho  chamber,  but 
wore  required  to  chango  positions  about  ovory  five  minutes.  Ho  tests  on 
the  effects  of  exorcise  during  chamber  exposure  oro  included  in  tliis  series. 

54.  Activity  before  and  after  chamber  exposure.  In  general,  before  and 
after  chamber  expostiro,  tho  men  led  a  relativoly  sodontory  existcnco  with 
occasional  mild  athletics.  In  noao  of  tho  tosts  in  this  sorios  wero  the 
mon  assigned  to  stroimouB  work  of tor  chamber  exposure* 

35*  Season  and  climato.  Tho  majority  of  tho  tests  woro  performod  as 
listed  in  Table  III  (Page  13),  when  tho  woathor  was  relatively  cool*  Tests 
2,  4,  3,  13  and  16  woro  carried  out  under  tho  hot  summer  weather  conditions 
of  Washington,  D*  C,  Tho  charibor  expociu’cs  wero  usually  performod  between 
the  hours  of  1000  and  1500,  i*c»  during  tho  warmer  part  of  the  day,  7(hcn 
the  woathor  was  fair,  the  men  woro  allowed  to  bo  out  of  doors  before  and 
after  chamber  tests;  when  tho  woathor  was  cold  or  inclement,  tho  men  woro 
Icept  indoors  at  tho  conditions  prevailing  in  tho  Laboratory, 

36.  Daily  readings  and  tho  recording  of  data.  Tho  men  wore  inspected  daily 
by  a  nodical  officer  for  foiur  to  eight  days  or  longer  after  exposure.  To 
facilitate  recording  and  subsoquont  us©  of  data,  subdivisions  of  tho  body 
surface  Trero  listed  as  ordimtos  on  graph  ptpor  (ono-quartcr  inch  squares) 

wore  rooorded  as  absoissoo,  A 
(page  10), 


end  daily  intensity  readings  for  thnso  aroas 
list  of  tho  body  regions  is  given  Iq  Table  I 


•  FhotoKraishy.  Kodachrcnes  ■wore  tdccn  of  cany  of  tho  groups  of  rt^rt 
used  in  the  basic  tests.  These  T<x.re  usually  taken  on  the  fourth  day  after 
exposure;  BUbsequeat  pictures  ttctc  taken  vvhon  deericid  accessary.  Koio 
satisfactory  pictu-^-.  •sr’r-l  after  the  skin  had  started  to  pipiont 

since  nild  degrees  exySiv-dy  df  i  not  show  enougli  contrast  on  tho  pictures« 

It  Eust  bo  er^hasized  that  kodaciironos  alone  are  not  adequate  records  arji 
that  the  daily  readings  are  a  noro  reliable  reference  for  following  the 
intensity  of  reaction.  Inadequate  illumination  Ea3’’  lead  to  under-exposure 
of  certain  skin  areas  with  a  resultant  apparoAt  erythema  which  is  an  arte¬ 
fact.  The  prints  ^diich  are  included  in  the  appendix  were  prepared  by  the 
Ansco  '‘Printon"  process.  The  larger  ones  Trero  prepered  from  4x5  incli 
transparc;xios;  the  smaller,  from.  35  mm.  transparencies. 

(2)  Special  Basic  Tests. 

38 .  Effect  of  environmental  fcemnerat’rre  imrocdiately  prior  to  chamber 
exposure.  During  the  sunmer,  the  men  ware  necessarily  vram  and  often 
E-i'.eating  at  flio  time  of  entry  into  tho  chamber.  TThcn  the  weather  was 
tool  or  cold,  the  sen  Troro  usually  indoors  at  a  comfortable  room  tempera¬ 
ture  for  one  to  tro  hours  (or  more)  prior  to  exposure.  Tests  24  and  25 
(Table  III)  were  carried  out  to  soo  if  precooling  had  any  effect  on  the 
reactions  from  chanber  exposure.  Five  men  were  oxpoced  nude  to  a  temper¬ 
ature  of  55®  to  60®  F.-.  approximately  65/J  RH.  for  over  two  hours  prior  to 
entering  the  chafer.  Five  other  men  remained  clothed  and  at  a  comfortable 
room  temperature,  approxinatoly  75“  F.  and  SCX/^  RH,  i’or  a  similar  period 
before  expofso'e.  Both  groups  donned  fresh  clothing*  including  CC-2  im¬ 
pregnated  shorts,  and  wore  exposed  in  tho  chamber  sLmultancously  to  H 
vapor  at  CT  SOO,  90°  F..  65^  RH. 

39.  Use  of  *alicdnum  chloride.  To  suppress  axillary  n-Toating.  in  Tort  28 
(Table'  HI ),  'a  25;^i  aqueous  solution  of  aluminum  chloride  was  applied  -Hith 
a  cotton  pledget  once  daily  to  tho  loft  axilla,  of  each  man  in  the  group 
for  three  successive  days  before  ho  entered  tho  cho.’dsor, 

40.  Use  of  lanolin.  Sinco  H  is  lipoid  soluble,  it  was  considorod  possible 
that  the  presence  of  sebum  on  tho  surfaco  of  the  skin  aigJit  influence  the 
susceptibility  of  tho  skin  to  S  vapor.  To  simulato  sobum,  lanolin  (hydrated 
approximate Ij'  50fo)  was  used.  A  thin  film  was  applied  sliortly  before  entry 
to  tho  chamber  ovor'on  urea  of  about  thirty  square  contimotors  on'thc  fore¬ 
arm,  posterior  neck,  and  posterior  shoulder  of  the  lacn  in  Tost  28,  vdio  were 
exposed  to  CT  500.  70®  F., *48^  RH.’  In  a  later  tost  (Test  24).  in  which  tho 
men  wore  exposed  to  CT  300, *90®  F.,  65^  RH,  lanolin  was  applied  to  tho 
foroorm,  posterior  shoulder,  posterior  nook,  and  loft  axilla,  No  men  took 
showors  for  at  least  four  hours  after  expostire  in  tlio  tests  in  which  lano¬ 
lin  was  used. 

41.  Artificial  wetting  of  tho  skin.  On  tho  basis  of  Dr#'RenEhaw»s  in¬ 
formal  report  on  tho  effects  of  H  vapor  on  simulated  wot,  sweating  skin, 
tho  following  exporimoirt  was  poeformed.  Standard  skivTy  shirts  were 
treated  with  paraffin  wax  so  that  a  waxed  strip  about  two  inches  wide  ex¬ 
tended  vertically  tho  length  of  the  shirt  in  the  midlino  front  and  roar. 
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Ono-half  o.'’  the  shirt  waj  thoroughly  noistened  ■with  artificial  sroat,* 
the  other  half  was  loft  dry.  Iheso  skivvios  Trcro  then  domed  by  six  non 
who  also  troro  denin  shirts  caid  the  usual  clothing  for  basic  tests  (includ¬ 
ing  CC-2  itnjjrcgnnted  rhorts).  The  enviroisnontal  tenperaturo  was -suffic¬ 
iently  low  so  that  the  non  did  not  shoYir  generalized  sweatirig  prior  to  en¬ 
try  into  the  otinnbor.  These  ncn-STjcating  nen  wero  exposed  to  E  vapor  nt 
Ct'sOO,  70**  F.,  45^  EE  on  2  April  1245. 

(3)  Evaluation  of  Data. 

42.  Einco  it  is  ijapractical  to  present  a  deirdted  doscription  of  each 
subject  in  every  tost,  an  attci;5>t  has  boon  nado  to  prosont  tho  data  quanti"^ 
tativoiy  so  that  tho  rosults  nay  bo  noro  readily  visualised#  Each  dogroo 
of  reaction  was  given  an  arbitrary  nunoricr',  vnluo  as  follows: 

0  =  no  reaction 

1  o  nild  crj'thooa 

2  -  nodorato  crythona 

5  «  intense  or^thcau 

4  ■  a.  ,  Erythoiaa  with  edom 

b.  Maceration  of  axillary  skin 
0#  Dry  scaling  of  scrotum 

6  •  a.  Vo  side 

b»  lIuaorouB  pinpoint  vosiclos 
c*  Crusting  or  ulcoration  of 
scrotum  or  axilla. 

43.  From  those  numerical  values,  throo  quantitativo  methods  of  treating 
data  wore  devised  which  are  considorod  in  this  report;  (1)  Maxinua 
BC\-ority;  (2)  Total  darango  indox;  and  (3)  Porcontago’of  exposed  area 
affected.  Spociol  oasos,  such  as  losions  of  tho  scrotiaa,  aro  disoussod 
Boporatoly, 

..-oOo--** 


FOOTNOTE; 

•  Tho  synthetic  sweat  solution  was  proporod  according  to  a  'formula  sup*  ■ 
plied  by  Dr,  Doha  Burks  and  is  approximately  five  times  as  concentrated  as 
that  oonroted  by  tho  glonds# 

Constituent 


5,65 
0,33 
0,47 
0,085 
0,48 
0,036 
0.045 
0,065 
0,1 

Five  drops  each  of  formic  acid,  aootio  acid,  butyric  acid,  propionic  acid^ 
uothylamino  and  trlmothyl amino* 
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Sodium  chloride 
Ammonium  acotato 
Urea 
Doxtroso 

Potassim  chlorido 
Magnesium  chlorido 
Potassium  dihydrogon  phosphate 
Cololum  oorbonato 
Lactic  acid  (85^) 


Concentration 
rms.or  cc.AOO  cc. 


44.  Kaxlrua  sovorlty.  This  ncthod  has  bocn  ueod  at  this  Laboratory  tmd 
has  been  dosoribod  in  previous  lottor  reports  (NRL  lottor  C-S77-2(459-irfC) 
C-459-604  dated  20  October  1944).  Tho  average  naxinun  sovority  recorded 
over  a  period  of  sovoral  days  after  o3ij506uro.  rogardloss  of  tho  region  of 
tho  body  affected,  Tias  taken  to  represent  tho  effect  of  tho  agent  on  tho 
body  tinder  a  given  set  of  conditions,  A  satisfactory  relationship  between 
CT  and  intensity  of  reaction  could  bo  dojnohstratod  using  this  lacthod  as 
long  ns  all  tests  wero  conducted  at  90*'  F.,  6[^  EH.  However,  tdien  tho 
teinporaturo  and  RH  woro  varied,  it  was  found  that  tJw  naxirruia  sovority 
ncthod  'was  no  longor  cpplicdblo  sinco  ucn’with  on  obvious  difference  in 
reaction  to 'tho  agopt  night,  novcrthcloss,  have  the  sano  naxinun  reading. 

For  oxar^jlc,  uno  nan  night  have  as  a  naxinun  reading  an  intonso  orythona 
of  tho  axillao  with  essentially  no  bums  olsowhero  and  another  nan  night 
have  on  intonso  orythona  over  nost  of  his  body.  By  tho  naxinun  severity 
method  of  evaluation,  both  non  would  bo  clast  Ified  as  tho  Bams.  Figure  4, 
Plato  3  givGc  an  illustration  of  this  sinoo  th's  non  idio  do  not  show  goncral- 
irod  erythoaa  did  havo  intonso  orythona  of  tho  oxilloo. 

45.  Total  danago  indox.  Sinco  it  was  obsorvod  that  often  non  exposed  to 
H  vapor  at  various  conditions  of  teE5>eraturo  and  RH  differed  in  their  ro» 
actions  aalhly  in  tho  areas  of  sJdn  affoctod  rather  than  in  tho  intonsltios 
of  reaction,  and  sinco  it  is  connon  knowlodgo  that  the  total  oroa  of  skin 
affoctod  is  a'higkly  tn5)ortant  factor  in  dotonsining  systenio  roooti -ss  to 
thermal  burns,  it  was  felt  desirable  to  obtain  an  approximation  ot  tiie 
percentage  represented  by  a  given  body  region  of  the  total  area  exposed  in 
a  test.  In  order  to  facilitate  use  of  older  data,  the  areas  wore  combined 
in  tho  manner  ehovm  in  Table  I.  These  oroas  were  then  marked  off  with  Ink 
in  orbitrary  fashion  on  ton  men  of  various  weights  and  statures.  Tho 
regions  were  measured  ond  their  oroas  wore  oaloxilatod  oocording  to  the 
8iii5)leBt  goomotrio  form  ropresontod.  Their  simis  represent  tho  total  area 
considered  in  tho  baslo  teste,  ond  each  region  has  boon  ropresontod  as  a. 
poroontago  of  this  sum.  These  porcontagos  oro  called  "area  factors"  ond 
aro  listed  in  Table  I.  It  is  of  intorost  that  for  any  given  man,  this  sum 
roprosonts  73  of  his  thoorotical  total  body  area  as  obtained  from 
standard  hoigHt-woight  nomograms.  Although  those  area  footers  ropresont 
only  a  crude  approximation  and  aro  M^y  arbitrary,  it  is  folt  that  they 
aro  useful  in  evaluating  tho  data  obtained  from  tho  basic  tosts. 

45*  In  oolculatlng  tho  total  domogo  indox,  tho  intensity  scolo  mentionod 
in  paragre^h  42  was  used,  Tho  intensity  factor  for  a  given  area  in  a 
tost  ropresontod  tho  avorago  naximum  reoding  for  that  area  for  that  group 
of  non.  Tho  product  of  tho  intensity  factor  and  tho  area  factor  described 
Dbovo  gives  tho  total  damage  for  that  oroa  for  tho  grot?)  under  consideration. 
The  sum  of  those  products  for  the  oightaen  areas  considorod  represents  tho 
total  damage  indox.  An  oxas|>le  of  the  method  es^loyed  is  given  in  Appendix 
B.  In  order  to  compare  data  on  non  who  iroro  protootivo  shorts  with  data 
on  those  idio  did  not,  it  was  neoossary  to  subtraot  from  tho  final  indox  tho 
figxiroB  for  thoso  areas  on  tho  ux^rotocto^  non  which  would  have  boon  cover-  ■ 
od  had  shorts  boor  worn. 


f.wS*- 


TABLE  I 

Body  Recion»=!  ng  scribed  ^  Patlv  ReadingB, 


"Arou  Factor" 
Percentage  of  total 


_ Coapleto  List 

Anterior  ncclc 
posterior  nock 
Lateral  neck 

Anterior  ehotildor 
Posterior  shouldor 

Anterior  eolllary  fold 
Axillae 

Posterior  axillary  fold 
Scapulae 

?th  cervical  vertotroe 

Ventral  thorax 
Lateral  thorax 
Dorsal  thorax 

TJppor  ohdoiaen 
Lower  obdoiasn 
Iliac 
lunbor 

luguinnl  region 

Penis 

Scrotum 

Buttocks 

Anterior  anas 
Forearms 
Posterior  arms 
Elbows 

Cubital  fossoe 
Dorsal  hands  and  wrists 

Anterior  thl^ 

Eneos 

Posterior  thighs 

Popliteal  f OB sao 

Anterior  log 
Posterior  log 


Summarized 


Abbreviation 

List 

one 

pno 

no 

Ino 

ash 

pah 

sh 

oaf 

ax 

ax 

paf 

sc 

07 

BO 

vth 

vth 

1th 

1th 

dth 

dth 

uab 

lob 

obd 

il 

lum 

ifig 

pen 

pen 

scr 

scr 

bt 

bt 

(uxr 

fa 

par 

cr 

ol 

of 

of 

wr 

wr 

athl 

kn 

pthl 

thi 

pop 

pop 

ale 

plo 

lo 

exposed  skin  repre- 
■ontod  by  each  region* 

2^4??, 

5.9?J 

z.ejj 

z,z% 

6,0J5 

3.5J5 

5.3JJ 

ll.lji 

2*4^ 

1.1?? 

1-1?? 

6.3?? 

14.6?? 

0.9?? 

1.4?? 

22.4?? 

1.7?? 


99.9^ 


m  See  poragroph  43. 
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47.  Fercentaj!;o  of  earposed  aroa  affected.  This  oxprossion  wis  dovolopod  \ 
primarily  to  er^hasise  tho  differenoo  botwoon  exposures  at  high  and  lovr 
tos^jeratures.  Tho  ttumbor  of  men  In  any  ono  groig)  dicnring  a  moderato 
orythom*  or  greater  on  any  particular  area  ttols  multiplied  by  tho  corroa- 
poiMiing  area  factor*  Tho  sua  of  those  products  for  tho  oightoen  areas 
divided  by  tho  number  of  non  in  tho  groi^i  for  any  given  test  represents 

tho  average  percentage  of  tho  total  skin  surface  exposed  showing  moderate 
erythema  or  worse.  This  expression  likewise  must  be  oorroctod  for  coepari- 
son  with  those  groips  which  did  not  wear  protective  shorts.  It  should  bo 
raphaaized  that  since  "tho  area  covorod  by  tho  shorts  reproeonts  about  lljS 
of  tho  oxJ)osod  surface,  the  moxinun  figure  possible  after  correction  is 
89^  and  not  lOOj?.  fzi  oxarplo  of  tho  method  crployod  in  this  calculation 
is  given  in  Appendix  C. 

B*  Sweat  Testa. 

48.  The  8t&rcl>-iodinD  mothod  of  Minor  was  used  to  demonstrate  sweating  at 
tho  various  conditions  of  torporaturo  and  relative  humidity  used'in  tho 
tests.  An  Iodine  solution  (15  g.  iodine,  15  g*  potassium  iodide,  100  ml.  ’ 
castor  oil  and  9S%  othemol  to  make  ono  liter)  was  appllod  to  tho'ontiro 
body  with  a  cotton  plodgot.  Aftor  tho  iodine  solution  had  dried,  soluble 
starch  powder  was  applied  with -a  powder  duster  or  cotton  puff.  Immodiatoly 
after  the  application  of  tho  iodiin  and  starch  tho  men  donned  clothing  aM 
masks  and  remained  in  tho  cAambor  for  ono  hour  at  tho  proscribed  conditions. 

If  sweat  secretion  oocurrod,  tho  starch  and  iodlno  dissolved  and  roactod, 
changing  color  of  tho  skin  from  a  lig6t  brown  to  a  dark  purple.  Except  for 
tho  absence  of  H  vapor  in  tho  chnribor,  the  test  conditions  were  identical 
with  those  of  tho  basic  tests  described  above.  Since  tho  men  wore  dungarees 
during  the  e:posxn‘o  to  H  vapor.it  was  considered  a  more  oorparable  test  to 
have  thorn  wear  dungaroos  for  the  sweat  to^;  although  clothing  did  tend  to 
rub  off  somo  of  tho  starch-iodine  cooplex,  especially  at  tho  pressure  points, 
ari  make  tho  subsoquont  photographs  loss  spoctacular.  It  should  be  mentioned 
that  i'lis  starch-iodino  mixturo  washes  off  readily  with  soap  and  water  and 
causes  no  Inoomronienco  oxcopt  for  a  ter^jorary  smarting  of  the  scrotum  at 

tho  time  of  application  of  the  iodine.  No  cases  of  hypersensitivity  to  iodine 
weiX)  observed.  Each  group  consisted  of  ten  non  and  tho  tests  performed  ore 
listed  in  Table  II* 

TABLE  H 

Sweat  Tests  Performed 


Grotip 

Date 

Tempo  raturo 

EH 

Swoatins:** 

I 

2/5/45 

70“  F. 

61% 

II 

2/5/45 

79“  F* 

I 

2/6/45 

85“  F. 

56^ 

Wlnlmnl, 

II 

2/6/45 

85*  F* 

75% 

Moderate 

I 

2AA5 

97“  F. 

4^ 

Profuse 

II 

2/7/45 

90*  F, 

6Z% 

Profuse 

*  Bums  of  moderate  erythema  or  ^oatb?*  were  used  in  the  calculations  since 
it  was  oonsidcrod  that  they  represent  significant  H  bums  whereas  readings 
of  mild  erythema  may  not  always  bo  due  to  H  and  their  use  would  detract 
rather  than  add  to  tho  significance  of  tho  results* 

**  On  body  regions  other  than  axillary  and  genital* 


Fart  n  -  RESULTS. 

A*  Basic  Tests  with  H  Vapor. 
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Introductory  Romrks. 


49.  In  'vlojT  of  the  aunber  of  nen  inrolved  in  the  tests  described  in  this 
report,  it  is  iiqjractical  to  give  a  det^led  description  of  each  case 
history.  Therefore,  the  data  are  presented  in  tabular  form  and  the  results 
are  described  in  a  generalized  manner.  Sisraiorized  data  are  presented  in 
Table  HI  in  Tihich  are  listed  the  basic  tests  performed  and  the  average 
maximum  intensities  of  reaction  for  the  nook,  axillae,  scrotm,  and ’.the 
rest  of  the  body,  Uoro  detailed  data  ore  given  in  the  following  tables 
in  the  Appendix: 

(1)  In  table  VI  aro  presented  the  maximum  regional  readings  for 
individual  subjects  based  on  the  numerical' system  described 
previously.  Also  included  aro  the  average,  ninlmm,  and 
noximim  days  required  for  tho  lesions  to  roach  mexiraum  average 
intonsitios  for  the  difforont  regions  for  each  y>’oi5>  ot  jao^. 

In  sovoro  bums^  tho  days  tab:U.atod  do  not  always  giVD  a  con¬ 
cise  Ir^rocsion  of  the  noximitca  soverity  since^  for  oxas^lo^ 

a  lesion  mi^  be  rocordod  as  a  5  (vosioation,  crusting,  or 
ulceration)  on  tho  fourth  day,  but  develop  in  size  or  depth 
for  several  days  following,  Tho  method  nay  also  give  on  im- 
.  prossion  of  groator  severity  than  roally  existed;  for  oxaa^lo, 
a  losion  nay  bo  rocordod  as  a  S.  on  oidy  one  day  and  tho  orythoma 
thoroaftor  nay  fade  to  a  2,  or  a  1  by  tho  next  day,  Suoh  a  losion 
is  certainly  less  sevoro  than  ono  widch  remains  of  S  Intonsily 
for  several  days  in  succession.  In  ^ito  of  those  minor  occaslon> 
cl  follooios*  tho  method  usually  loads  to  a  fairly  accixrato  os- 
timato  of  tho  eovority  of  skin  damage, 

(2)  In  Tablo  VII  aro  listed  tho  nusfoor  of  non  in  each  tost  shosdng 
maxtaun  regional  roadlngs  of  a  glvon  intensity  and  includos  the 
average  regional  intonsitios, 

(3)  I^  Toblo  TUI  arc  listed  tho  dniaage  Indioes  for  each  oroa  and 
tho  total  damgo  indices  for  the  various  tests, 

(4)  In  Tablo  ix  aro  listed  tho  *Aroa  Factor”  tizsos  tho  nurdbor  of  non 
in  each  grov^)  lowing  moderate  eryfchomo:  or  worse  for  each  area 
and  tho  avorago  porcontagos  of  skin  area  diowing  moderate  orythomn 
or  worso  in  each  test, 

(2)  Gonoral  Description, 

60,^  ^inco  the  reactions  to  6  vapor  of  the  gexxorol  body  surface  (rest  of 
body),  the  neck,  the  axillae,  and  the  scrotum  (and  penis),  wore  qnito  differ¬ 
ent,  tho  doscriptivo  presentation  of  tho  results  is  facilitated  by  consider¬ 
ing  them;  Boparatoly. 
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TABLE  III 

Basio  Tests  Perfonaod 


Airerage  Moxiiiam. 
Roaotion  Intensity 


Tost 

No 

Date 

CT 

Ter?). 
**  F. 

BH 

EoO 

ngA 

No* 

Mon 

Nock 

Axilla 

Scr 

Rest 
of  body 

1 

3/2B/44 

60 

90 

65 

22 

6 

0.3 

0.0 

0.0 

0,1 

a 

7/25/44 

50 

90 

65 

22 

5 

1.2 

0.6 

0.2 

0.5 

3/30/44 

100 

90 

65 

22 

6 

1.2 

0,.S 

1.2- 

0.7 

4 

7/25/44 

100 

90 

65 

22 

5 

1.6 

1.8 

0,8 

0.9 

5 

1/25/45 

100 

100 

35 

16 

6 

1.5 

0,2 

1.3 

0.6 

6 

1/25/45 

100 

100 

67 

30 

6 

1.5 

0.0 

0.3 

0.6 

7 

4/  4/44 

150 

90 

65 

22 

10 

2.0 

0.2 

0.3 

0,7 

8 

7/26/44 

150 

90 

65 

22 

6 

3.0 

3.0 

2.2 

2.1 

9 

11/20/44 

200 

70 

53 

10 

7 

1.0 

1.4 

0.4 

O.S 

10 

1/23/45 

200 

80 

46 

12 

6 

1.7 

0.5 

1.5 

0.5 

11 

1/23/45 

200 

80 

86 

22 

5 

1.6 

0.4 

0.0 

0.4 

12 

4A1/44 

200 

90  • 

65 

22 

10 

2.2 

.1.5 

2.1 

1.2 

13 

7/27/44 

200 

90 

66 

22 

6 

4.0 

2.8 

3.2 

2.4 

14 

1/27/45 

200 

100 

66 

30 

4 

4.0 

2.8  ' 

4.8 

2.7 

15 

4^7-22/44 

250 

90 

65 

22 

15 

2.4 

2.0 

3.2 

1.6 

16 

7/28/44 

250 

90 

65 

22 

6 

4.2 

3.2 

3.7 

2.8 

17 

11/28/44 

300 

70 

60 

11 

6 

1.7 

2.8  ' 

2.0 

0.7 

18 

1/24/45 

300 

80 

85 

21 

4 

3.0 

2.3 

0.0 

1.2 

19 

2/28/45 

300 

85 

36 

10 

8  > 

1.5 

2.3 

* 

0.6 

20 

2/28/45 

300 

85 

77 

22 

8 

2.8 

2.3 

* 

1.8 

21 

3A0/45 

300 

90 

37 

13- 

7 

3.0 

3«0 

« 

1.8 

22 

4/24/44 

SCO 

20 

65 

22 

5 

♦♦ 

2.4 

* 

2.2 

23 

11/28/44 

300 

90 

65 

22 

6 

3.3 

3.0 

* 

2.4 

24 

3/22/45 

300 

90 

65 

22 

5 

3.4 

3.0 

* 

2.9 

25***  3/22/45 

300 

90 

65 

22 

5 

2.8 

2.0 

* 

2.0 

26 

12/  1/44 

400 

70 

62 

11 

.6 

2.2 

3.2 

1.2 

27 

1/  9/45 

500 

60 

60 

8 

8 

2.9 

3.8 

4.6 

1.5 

28 

1/  8/45 

500 

70 

48 

9 

8 

3.3 

3.5 

5.0 

1.8 

29 

lAl/45 

600 

60 

57 

8 

8 

3.0 

4.0 

1.5 

30 

IA2/45 

600 

60 

62 

8 

8 

2.9 

4.6 

5.0 

1.6 

51 

3AO/45 

600  ' 

65 

69 

11 

7 

3.6 

3.1 

* 

1.8 

32 

IAO/45 

600 

70 

52 

10 

6 

3«4 

4.1 

* 

1.5 

33 

lAsAs 

700 

60 

67 

9 

8 

2.5 

5.4 

* 

1.2 

♦  lion  iroro  CC-2.  ir^rognatod  ehorts 
*♦  ProtoctiTO  oiatffioat  applied  to  nock 
***  lira  prceeolod  prior  to  ohaiabor  e:cposur9 


51.  General  body  s\a‘face«  From  Table  m,  it  is  evident  that  at  a  given 
teE5>eratia‘e,  there  was  a  progressive  increase  in  severity  of  reaction  with 
increasing  Cr*  Reactions  below  1*0  were  mild;  any  average  over  2*0  repre¬ 
sented  a  fairly .  severe  generalized  erythema.  Fairly  severe  rjactions  were 
sustained  at  CT‘200  at  100*  F*  or  at  CT  200-300  (depending  on  season)  at 
90“  F«;  however*  at  70“  F*,  even  at  CT  500  or  600.  the  reactions  had  not 
attained  this  degree  of  generalized  severity*  It  was  not  possible  to 
dotemine  at  vdint  CT  a  severe  genoralizod  orydihema  would  result  from  ex¬ 
posure  at  tho  lower  temperatures  because  of  the  severe  reactions  produced 
on  tho  genitalia  and  axillae  at  CT  600*  The  extreme  difference  in  soycrity 
of  the  bums  on  tho  general  body  surface  was  the  most  salient  feature* of  the 
contrast  in  results  obtained  by  esposures  at  high  as  compared  with  low 
terperaturos.  The  difforonoo  in  reaction  at  90“  F*  as  compared  with  70“  F„ 
at  ccopafablo  CTs  is  strikingly  illustrated  in  Figures  2  and  3*  Plato  2.  end 
Figure  4,  Plato  3* 

52#  Only  limited  data,  are  available  for  considering  tho  effects  of  rela¬ 
tive  humidity*  ttlic  contjart  botriusn  the  results  at  high  and  low  EH  was 
marked  at  85“  F*,  CT  300;  36^  EH  resulted  in  on  intensity  of  0*6  as  com¬ 
pared  with  1»8  at  77^  RE*  Confirmatory  pictures  ore  shown  in  Figures  8-13* 
Plato  5*  Tho  some  effect  of  RH  was  evident  at  90“  *F*  but  was  not  as  pro¬ 
nounced*  It  is  interesting  to  noto  that  at  CT  300)  the  rosuOLts  obtained 
at  a  low  RH  at  65’*  F*  wore  conporable  to  thooo  obtained  at  70“  F*;  and  tho 
results  at  high  I®  wore  coanparablo  to  those  at  90“  F*,  37^  RH*  The  dif¬ 
ference  between  4^  and  66^  RH  at  CT  200*  86“  F*  was  not  appreciable)  nor 
was  it  appreciable  at  35?^  and  67?^  RH  at  GT  100*  100“  F,;  however,  tho  re¬ 
actions  iiTore  mild  and  tho  CT  may  have  been  too  low  to  illustrate  tho  effect 
of  RH  under  these  conditions*  No  tests  wore  run  in  tdiich  RH  was  varied  at 
the  lower  tesporaturea  (60“  •  70“  F*). 

63*  Tests  have  boon  carried  out  in  ^oth  tho  spring  and’ in  tho  summer  at 
tho  following  CTsx  50,  100,’ 150,  200*  and  250  at  60“  F,,  65f,  RH.  It  is 
evident  from  tho  results  listed  in  Table  III  that,  at  and  above  CT  150,  ■ 
there  was  an  tspprcoiobly  greater  severity  of  R>in  damage  sustained  In 
summer  tests  as  conporod  with  those  performed.  In  the  spring*  Tho  sovero 
generalized  erythemas  stis-^alned  in  tho  summor  tests  at  CT  250  ore  illus¬ 
trated  in  Figures  6  end  7,  Plato  4. 

64.  The  nook.  TJndor  tho  conditions  of  tho  tests  reported  in  this  sorios, 
a  largo  port  of  the  nook  was  exposed  directly  to  tho  H  vapor  with  no  inf 
torvoning  clothing*  In  Toblo  HI,  it  con  bo  socn  that  the  trend  in  re¬ 
action  with  varying  CT  or  ton^oraturo  was  identical  ■v.’ith  that  of  tho  gen¬ 
eral  body  surface,  but  tho  nock  reactions  were  one  unit  (or  more)  of  in¬ 
tensity  greater  than  tho  avorogo  reactions  on  tho  rest  of  the  body  for  a 
given  set  of  conditions* 

65*  At  85“  F **  CT  300,  high  humidity  (77/J  RE)  caused,  much  more  severe 
neck  reactions  than  lew  (36/$  EH),  tho  overage  intensities  being  2*8  nrid 
1*5  respectively*  Variations  in’humidity  did  not  cause  pronounced  dif¬ 
ferences  in  tho  tests  run  at  80“,  90%  tuad  100“  F* 

56*  Vesication  was  observed  on  the  Hecks  of  only  six  men  in  tho  entiro 
series)  Four  of  those  ooourrod  In  summer  tests  (Tests  13  and  16),  one  at 
CT  500,  70*  F*,  48J$  EH  (Test  28)  and  one  ot  CT  200,  3,00“  F*,  65%  EH  (Tost  14)* 


57»  B'jt-sc.irvorA  of  ths  neck  ■wa&  usually  darker  than  for  the 

other  craas  Sa‘  tho  tody  (oicept  tho  axillae},  a  fact  iihich  correlated 
Ticll  with  the  observation  that  neck  reactions  wore  generally  more  intense 
than  those  of  tho  rost  of  tho  body. 

68»  As  in  the  case  of  the  general  body  surface,  neck  reactions  n^re  con¬ 
siderably  more  severe  vdien  tests  at  any  given  CT  were  perionned  In  the  su[i>- 
nar  than  when  performed  in  the  spring  (Table  III). 

Axillae.  In  contrast  to  the  pronounc.ed*effoct  of  terpei'ature  on  re¬ 
actions  of  the  nock  and  general  body  surface,  tosgsorature  of  exposure  did 
I3r)t  exort’a  marked  effect  on  the  severity  of  bxurns  of  the  axillae,  ^hus, 
at  CT  300i  cocparable  tests  at  90°  F.  anc  70®  F.,  oanriod  out  bn  tho  samo 
day  (Tests  17  and  23)  showed  that  tho  sevority'of  axillary  reactions  was 
essontially  tho  same  in  both  tests.  Thoro  was,  however,  in  general,  a 
difference  in  the  appearance  of  oxillar;'  roactiens  obsorved  in  non  exposed 
at  high  ton5»oraturos  (.90®  F.)  as  con^Jorod  with  low  (70®  F).  At  tho  lower 
toEperaturos,  the  orythema  bognn  in  tho  central  hairy  ^oa  and  with  in¬ 
creasing  CT  inuolvod  a  larger  area,  finally  including  the  axillary  folds, 
v^or  medial  arm,  and  t^per  lateral  thorax  (Figures  32i  33,  Plato  9).  At 
the  higher  toii?)craturos,  most  often  this  control  area  was  spared  iMle  tho 
morp  peripheral  axilla  and  folds  showed  intense  reactions  if  the  CT  wore 
sufficiently  hi^  (Figures  31,  Plate  9).  The  above  statements  woro  generally 
true,  but  it  must  bo  addod  that  tho  tjpos  of  roactions  which  woro  usually 
observed  after  exposure  to  tho  higher  tonporaturos  have 'been  also  observed 
in  80730  individuals  at  lower  tor^ratiaros*  Furt^usrmoro,  it  is  of  interest 
that  at  a  low  BH  (37^)  at  CT  300,  oven  at  90®  F.,the  roactions  in  the 
axillae  resombled  those  ixsuolly  occurring  at  tho  lower  tonporaturos. 

60.  There  was  a  pronounced  ^difference  in  the  severity  of  the  axillary  re¬ 
actions  sustained  in  the  su^r  tests  as  oos^ared  ^th  the  ^ring  tests  at 
corresponding  CTb  at  90®  F.,  65%  HH  (Tests  1  and  2^  3  and  4,  7  and  8,  12. 
and  13  and  15  end  16 )•  In  the  summer  tests,  the  li^nsities  were  an  aver¬ 
age  of. 1.5  units  higher*  than  in  the  ^ring  tests  (Table  III). 

61.  Occasionally,  although  rarely,  men  have  been  obsox^d  who  manifested 
jao  axillary  i^jaotion  even  though  other  meabors  of  the  groCp  reoei*ved 
se'vore  axillary  bums  (for  oxos^le.  Subject  504,  Figure  5,  Plate  3). 

62.  Vesication  (i.e.  actual  bleb  formation)  has  not  been  observed  in  the 
axillae  of  the  subjects  in  this  sorioa  of  tests.  Following  tho  more  severe 
bums  (e.g.  at  CT  600- 600 )i  the  sldn  underwent  maoeratich  followed  by  crust¬ 
ing  and  ulceration  of  tho  axillary  folds  (Figure  36,  Plato  10).  Elevation 
of  tho  arm  caused  pain  in  such  cases. 

63.  Intense  pigaentation  was  conspicuoua  in  axillary  roactiona  (Figures  32 
and  3Sj  Plato  9).  Tho  mon  woro  not  obsorvod  sufficiently  long  to  dotonaino 
how  long  -fcho  pi^aontation  porsistod. 

64.  Scrotum  and  Penis.  From  tho  standpoint  of  casualty  production  from 
H  vapor  omong  non  wearing  gas  masks,  the  scrotum  and  penis  woro  the  most 
vulnerable  regions  of  ■Qio  body.  In  order  to  ainiaizo  tho  number  of  siich 
loslons  in  this  soz^os  of  tosts,  mon  wore  protective  shorts  in  most  cases 
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iL;  2  tnav  ti;0  ^^yld  tc  sovoroly  affected, 

This  procadCsrc  li£,s  KL£nckris,t  curtailod  dais,  on  the  ofr.5Cts  of  CTjf 
teii5)eraturo,  ?.v,  cn  ECietal  susoop hi-jxij.  yy  t.-i  2  -cap'-j.’* 

ба.  Since  various  dogreos  of  scrotal  erythanru  aro  diriioujt  to  read 
aco\a:a±Gly  and  since  crastod  lesions  aro  far  more  si^ificant  froiii  a 
military  point  ofvlmTi  only  tho  latter  typo  of  injuryTO.il  bo  discussed. 
With  this  in  mind,  it  is  evident  fren  Tables  VI  and  VII  in  the  Appendix 
that  there  is  considorablo  indivldml  variation ‘in  tho  vulncrabiiity  of 
tho  sr.'otum  to  E  vapor  to  CT?  4D0,  At  CT  200,  if  tho  tosts'ot  90“  F, 
and  100®  P,  oro  oonsidorod  colloctivoly  (Tests  12i  15.  and  14),  it  can  be 
seen  that  six  but  of  tronty  men  sustained  crusted  losions.  Similar  lo- 
cions  wero  observed  in  ei^  of  twonty-ono  men  exposed  at  CT  250,  90®  F, 
65^  EH  (Tests  15  and  16);  Only  one  of  ton  man  shcCTcd  a  cnistod  lesion 
from  exposure  at  CT  30C,  70*  F;i  aid  80*  F*  (Tests  17  and  18);  but  tho 
rest  of  tho  men  exposed  to  CT  300  at  «.  higher  ter^eraturo  all  wore  CC»2 
ir|)regnatod  shorts  so  that  it  is  not  koown  il*  this  CT  would  havo  caused 

a  largor  luanber  of  casualties  at  a  higher  toE5>eraturo  (o.g,  90’  F.)  of 
exposure.  Crusted  lesions  occurrod  in  two  of  six  sxin  exposed  at  CT  400 
at  70*  F, 

бб,  In  spite  of  a  low  t  iporc.ture  of  exposui’o,  twonty-throo  of  twenty-four 
men  exposed  to  CT  500  an  600  (Tests  27,  28  and  30)  sustained  crusted  le¬ 
sions,  Because  this  grc^.^)  of  eases  is  oonsidorod  the  most  ir^jortanti  tho 
portinont  data  has  been  presented  in  Table  IV, 

67,  The  oourso  of  tho  lesions  in  those  trvonty-threo  cases  shOTTod  somo 
variation  bxiti  in  general,  t:<onty-four  to  forby-oight  hoiars  after  expo¬ 
sure,  morkod  scrotal  cryfchona  was’prosont.  Dry  scaling  appoored  on  about 
tho  third  day  (Figure  19,  Plato  7,  and  Figure  25,  Plato  8)  on  the  dopon- 
dont  surface  of  the  scrotum.  This  scaling  was  followed  by  oozing  and 
crust  formation,  Ciustod  losions  were  usmilly  prosont  by  obout  the 
fourth  or  fifth  day,  gradually  increased  in  severity  to  a  maxliiijm  at  about 
tho  eleventh  to  "Jiio  sixtoonth  day  and  wore  hoalod  by  about  tho  twenty- 
second  day  after,  exposure,  Eemoval  of  tho  crxists  rovealod  vG-cers  vihich 
wore,  in  gonoroli  fairly  shallow* 

68,  In  none  of  tho  tests  doscribod  in  this  report  was  vesication  (that  is, 
cotuol  blob  foimatlon)  observed  on  tho  sorotum  or  ponis, 

69,  Hinotoon  of  tho  twentyufour  men  listed  in  Table  IV  developed  losions 
of  tlio  penis  and  foreshln,  Thoso ‘us '  ..Uy  appeared  later  than  the  scrotal 
losions  (fifth  to  ninotooath  days,  average  fourtGonth)i  reached  TnaTimm 
severity  about  sovontoenth  to  twentieth  days  &nd  wero  hoalod  by  about  tho 
twonty-six±h  day,  Thoso  penile  lesions  most  frequently  involved  tho  pre¬ 
puce  ana  tho  surface  of  tho  ponia  in  contact  with  tho  scrotal  losions; 
however,  a  few  cases  wore  obsorvod  of  independent  losions  on  tho  anterior 
surface  of  the  body  of  the  penis*  Prepvrtial  edema  was  frequent,  but  In  no 
caso  was  sovero  enough  to  hinder  micturition. 
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70.  Illustrations  of  these  penoscrotal  lesions  are  presented  in  Plates  6, 
7  and  8  of  the  Appendix. 


71.  No  treatment,  except  confinement  to  bed,  was  used.  The  course  of 
healing  was  uneventful,  although  slowi  and  no  clinical  synptons  of 'infec¬ 
tions  were  observed,  Althou^  the  lesions  were  painful  on  contact,  pain 
was  not  a  conspicuous  feature  while  the  men  were  at  rest, 

72.  TThen  healed,  the  scrotum  presented  a  mottled  appearance,  being 
pale  in  the  areas  which  hod  been  ulcerated  and' deeply  pigmented  in  the 
less  severely  injtured  areas  (Figuies  17  and  18,  Plate  6),  Scarring  was 
•"•iily  rarely  observed  since  the  lesions  were  usually  superficial,  (An 
E;-,i-:-dion  to  this  generalization  is  shom  in  Figure  30,  Plate  8,) 

(•’’)  Special  Tests. 

73.  Efffc  of  enviromehtal  temperature  immediately  prior  to  chamber  ex- 

posture.  ?4  and  25,  Table  III,  Pago  13).  All  of  tho  five  men  t^o  were 

kept  at  a  cciU..?::'' table  room  temporaturo  for  two  hours  prior  to  esposiaro  d^owil- 
ed  intenso  goiiC. :  j.J.zed  erythema,  Fotur  of  tho  men  who  had  been  preoooled 
showed  mild  to  jk)i:»rate  erythema  while  one  at  first  showed  an  intense  ery- 
themaj  however,  eight  days,  tho  crythona  of  this  man  had  begun  to 

fade  idieroas  that  cd'  the  controls  remainod  intense i  The  contrast  In  pigment 
tation  at  fourteen  day?  wr.r  very  marked  (Figure  35,  Plato  10),  In  view  of 
tho  proviously  liotod  effect  of  ten^jcraturo  of  oxposuro  on  the  sever¬ 

ity  of  axillary  bums,  J  t  is  particularly  noteworthy  that,  in  this  tost,  tho 
severity  of  tho  axillary  reaction  of  tho  controls  was  1,0  units  highci  than 
that  for  the  procoolcd  grc'.TO*  This  dlfforonco  appears  to  bo  closely  related 
to  the  differenoGS  found  ir;  acdllory  bums  in  tho  summer  as  oos^arod  with 
the  spring  series  of  tests.  It  is  obvious  that  procoollng  ro suited  la  much 
less  Bovoro  reactions  oven  vhea  tho  non  wore  eaposod  simultanoously  to  £l 
very  offootivo  CT  at  90®  P„  BH, 

TABLE  IV 

Crusted  Loslunc  of  Sorotum  and  Penis  * 


Tost  No,  27 
GOO  CT 

Temporaturo  60®  F, 
Relative  Humidity  60^ 


S CROTCH 

mm. 

Maximum 

MnTiTnurri 

Sub.lect 

Start 

Severity 

Ecalod 

Start 

Severity 

Healed 

494 

4 

4-17 

Mild 

21 

495 

4 

17-18 

Hod 

20 

17 

18  UUd 

20 

496 

4 

13-17 

Sov 

28 

18- 

18— 22b  Hod 

26 

497  • 

6 

6 

laid 

20 

498 

NONE 

499 

6 

11-15 

Hod 

21 

18 

18-21  Mild 

21 

600 

4 

8-16 

Hod 

2a 

601 

10-19 

Sev 

24 

19 

21-22-  Sev 

20 

*  Figures  reprosei^  number  ef  days  oftojr  ohomben  exposure. 


TABLE  IV  (Continuod) 


Crusted  Loslon 


« 


^ '  S?r^ir  jsri  JPoMs^..  ♦ 

Test  Ho#  ^ 

600  CT 

Teaperaturo  70*  P. 

Relative  Eaaidity  48jJ 


R.CROTtJM 


PEfTIS 


uhject 

Start 

ILxxLnun 

Severity 

Esaled 

Start 

Moxinua 

Severity 

Hoalod 

436 

5 

8-17  Sev 

23 

8 

17-23 

Sot 

52 

487 

2 

8-15  Sov 

23 

16 

18 

SeT 

26 

488 

14 

19  Mod 

23 

14 

14-22 

Hod 

32 

489 

4 

21  Med 

25 

21 

SeT 

27 

490 

5 

10-16  Mod 

19 

16 

17-20 

Sot 

28 

491 

5 

8-18  Sot 

28 

17 

17-24 

SeT 

28 

492 

6 

8-16  Sot 

21 

19 

20-21 

Mild 

22 

493 

4 

9  Mod 

2& 

19 

19-20 

Mild 

23 

Test  Ho#  30 
600  CT 

Tet^craturc  60“  P# 
Relative  Eunidity  62j5 


SCROTUM  PEHIS 

IfrvjrimTm  Wn-riTmm 


Sub.loct 

Start 

•  So.o: 

rity 

Healed 

Start 

Sovor 

■ifcy 

Healed 

618 

6 

14 

Mod 

20 

6 

14-17 

Sot 

27 

619 

4 

10-15 

Sot 

19 

6 

16-19 

Mod 

25 

320 

4 

5-14 

Sot 

16 

6 

7-13 

Mod. 

16 

621 

4 

12-15 

Sot 

24 

10 

13-21 

Sot 

•  27 

622 

4 

11-15 

Ser 

19 

5 

16-20 

Mod 

26 

523 

.6 

15-16 

Sot 

28 

17 

19-20 

Mild 

27 

524 

6 

12-16 

Sot 

21 

14 

17-21 

Mod 

27 

525 

5 

16 

Sot 

20 

•  Figures  reprosont  nunbor  of  days  after  charjbor  ozposrjro. 

74,  Use  of  aluninun  chlorido,  Tho  jrosvlts  of  this  tost  (Test  20),  in 
vdiich  tho  loft  axillae  of  tho  non  iroro  tyoatod  iiith  aluninun  chloride  prior 
to  oxposuro  to  H  vapor,  aro  presented  in  Tatlo  V  and  typical  cases  aro  il¬ 
lustrated  in  Figures  37,  38  tsnd  3S,  Plato  11#  It  is’ovideirt  that  protroat- 
nent  vith  oluniiTun  chloride,  in  laost  cases,  yestilted,  not  only  in  less  iru. 
tonso  reactions  to  H  vapor,  hut  also  in  roaQtions  involving  a.  lessor  area# 
Consideration  of  both  oroa  and  intensity  is  bssontiol  to  host  oppreciato 
tho  effect  of  aluminum,  chloride  on  tho  reactions# 


TABLE  V 


0  0 


Effect  jof  Pretreatrignt  of  Axilla^  with  Altgolnisa  Chloride 


Sxib- 

(Tost  No.  28  - 

E  at  CT  600;  70*  F.,  46^  RE) 

Picture 

in 

Intensity 

Area  Involved 

A.poendi: 

Right 

(Control) 

Loft 

(Treated) 

486  Erytheno- Tdth  odesia  Moderate  orythcaoi  Much  less  on  loft  Fig»  37 
Maceration 
Crusting 


487  Intense  erytheaa  Intense  erythena  .  Ko  appreciable 

difference 

488  Moderate  crj’thsca  Mild  eryihom  '  Much  loss  on  left 

489  Erythcna  irith  odena  Intense  eiyfchoaa  Much  loss  on  loft  Fig»  39 

Maceration 

Cnisting 

490  Erythema  with  odema  Erytheaa  irith  edonn  Slightly  less  on 

left 

491  Intense  erythom  Mild  erythema  Slightly  less  on 

left 

492  Erythem  idth  edema  Intense  erythom  Much  less  on  loft  Fig*  33 

493  Intense  erythema  Moderate  erythema  Slightly  losa.  on 

left 

75,  Peo  of  lanolin.  Application  of  Icnolin  immediately  prior  to  enter¬ 
ing  tho  chamber  to  several  areas  of  tho  skin  of  men  exposed  to  H  vapor  at 
CT  500j  70*  F*»  48J^  RH  (no  gonoralized  STfcating),'  (Tost  28),  or  at  CT  300, 
90°  F,,  65^  RE  (generalized  Brroatlng),  (Test  24),  neither  imroasod  nor  de¬ 
creased  the  intensity  of  reactions, 

76.  Artificial  wetting  of  the  skrlh.  The  right  half  of  tho  body,  covered 
by  the  dry  skivvy  shirt,  showed  no  significant  reaction  except  in  thje 
axillae  of  tiro, of  tho  six  men.  Conversely,  on  tho  left  side,  tho  sldLn 
subjacent  to  t^  trot  skivvy  shirt  was  obviously  aoro  sevcroly  affoctod 

in  tho  axillae,  axillary  folds,  ;5)por  no  dial  arm,  and  lateral  thorax,  in 
idiich  areas  tho  non  oil  sustained  intense  erythonas#  The  thorax  on  this 
side  showed  a  very  mild  erythema  which  faded  in  a  few  days.  It  is  prob¬ 
able  that  tho  wot  shiirt  intorfered  with  H  vapor  penetratian  to  tho  thorax 
whoMos  tho  (^en  end  of  tho  diort-longth  skiTvy  shirt  sleeve  permitted 
ready  access  after  it  had  passed  through  tho  dry  outer  donin  shirt  sloeTo. 
That  artifioial  wetting  of  tho  skin  did  enhanoo  tho  reaction  is  well  shown 
in  Figure  34,  Plato  10* 
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77.  Tho  corrected  total  dornge  Indicos  given  in.  Table  VIII  are  presented 
graphically  in  Plate  14,  in  which  total  drnage  index  is  plotted  against 
CT  for  the  various  tests  perforaed*  The  indices,  corrected  for  the  erea 
covered  by  the  protective  diorts,  were  used  to  perait  conparison  of  a 
larger  nunier  of  tests#  It  can  be  seen  that  for  my  given  teaperaturo, 
there  is  a  ri-ogi-esslve  inoroaso  in  total  danago  index  with  increase  in 
CT#  Ei^.er  iomporaturoB  of  exposuro  rosiilt  in  a.  higher  total  dosage  in¬ 
dex  than  lower  orjos  at  any  given  CT#  It  was  found  that  correction  of 
tho  data  fer  the  area  covered  by  tho  protective  ehorte  lowered  the 
points  very  little  and  did  not  appreciably  change  tho  slope  of  tho  curves# 

78.  It  may  also  be  noted  in  Plate  14  that  the  indicos  for  the  suraser 
series  of  tests  at  90"  F*  arc  consistontly  Mgher  than  those  for  tho 
spring  serios  at  tho  sono  tonperaturo,  a  fact  -which  correlates  -fdth  the 
prcvi-ously  laentinned  doscriptivo  differences  in  paragraph  63# 

79#  In  plate  15,  total  detaago  index  is  plotted  against  tenpo  ra-fcure  # 

At  CT  200,  there  is  relatively  little  ch^ge  in  the  total  dnnago  indox 
from  70®  F#  to  80®  F#,  -whereas  from  80"  F#  to  100®  F#,  there  is  a  sharp 
ri.BO#  Tho  oxa'vo  for  'CT  300  parallels  tha-t  for  CT  200#  Scvorol  points 
at  60®  F#  to  70®  F#  aro  included  for  CT  600  and  CT  600  ond  can  bo  soon 
to  lie  -well  above  -those  for  CTa  ^00  end  300#  It  may  bo  inferred  that 
even  at  those  Icrjror  tonpora-fcuros,  severe  gonoralizod  erythema  ray  occur 
if  tho  CT  is  Buffioiontly  high# 

80#  ^  Plato  I5i  it  may  also  bo  seen  that  thoro  is  a  marked  d-lfforonoo 
in  tho  points  for  high  and  low  humidity  at  CT  300  at  85®  F*  Tho  point 
for  tho  low  humidity  at  CT  300  lies  on  the  enrvo  for  CT  200#*  There  is  a 
similar  difforonco  for  tho  high  and  low  husU-dities  at  90®  F#,  but  tho 
effect  is  not  as  aarkod* 


81#  In  Pla-to  16,  tho  poroentago  of  035)05od  area  which  sustained  a  modor#. 
ato  orythoma  or  -worse  is  plotted  as  ordina-fco  against  CT  as  abscissa;  and 
in  Pla-to  17,  tho  somo  erdinnto  is  plotted  against  -temperature »  Those 
ovorvoB  oro  similar  to  those  for  tho  total  damage  indicos  (pla-tos  14  and 
16)*  Tho  sharp  rise  of  tho  curves  ^  plate  17  ^ovo  80®  F#,  showing  a 
groat  inoroaso  in  tho  area  involvodi  Is,  indeed,  ppeotacular  and  oorro- 
lates  vory  well  -wl-th  -vieunX  ir^jrossions# 

B*  S-weat  Tests# 

62#  Tho  results  nf  tho  sweat  tests  aro  UlustratM  in  Figures  40  -  51, 
Plates  12  and  13,  and  aro  sumarized  in  Table  II*  An  appreciable  oaount, 
of  sweating  was  e-vident  in  -the  axillae  and  genital  regions  of  most  of  tho 
men  e-ven  at  the  lower  ten^jera-tures#  Even  from  -this  Bemi<^-uantitative  tost, 
it  was  evident  chat  -there  was  considerable  indi-vidual  variation  in  the 
oaount^eM  distribution  of  sweating#  Sweating  wQ8*jainimal  over  -the  general 
body  surface  at  70®  F.,  61jj  RH,  and,  79®  F*,  8C^  RII,  and  profuse  at  90*  F., 
BS^  BH,  and  97®  P*,  42^  EH.  A-t  85"  F#,  -ths  effect  of  RH  was  narked#  The 
men  e:q>osed  at  385^  RH  showed  minimi  sweating  whereas  those  ot  755?  RH  showed 


o.  moderate  onourrt  aA  is  evident  in  the  photographs*  Thus#  at  tjus  tem¬ 
perature#  variation  in  EH  had  a  narked  effect  on  the  amount  of  sweat 
secreted  and  on  the  areas  involved  os  demonstrated  by  this  method* 

f 

Part  III  -  DIsrossICgT. 

A*  Correlation  of  Skin  Susceptibility  to  H  Vapor  with  Sweatir^;. 

* 

63,  It  has  boon  repeatedly  observed;  in  reports  by  many  investigators 
that  sweating  non  (whether  sweating  is  induced  by  high  tcr^craturcs  or 
exorcise)  oro  much  more  susoeptiblo  to  the  skin  effects ‘of  H  vapor  than. 
non-S'.Tcating  men*  Ko  iXipcrt  has  been  observed#  h-ewever.  In  which  sv?eat 
tests  liOTO  been  porfomed  under  the  some  conditions  as  tho  E  vapor  ex- 
poEiaros  in  an  attcr^^t  to  errivo  at  a  acre  exact  imdaretanding  of  tlds 
fact, 

84,  The  Btarch-iodino  method  of  demonstrating  sweating  hr.3  been  in  com- 
non  clinical  use  for  cany  years.  It  offers  on  oxccllont  sirnlo  way  to 
dotemino  idiother  or  not  an‘aroa  is  actively  sweating,  lusernible  per- 
epiration  is  n^t  sufficient,  apparently#  to  give  a  poaitivo  rcaotioni 
With  regard  to  tho  thooluto  amount  of  sweat  oocroted  in  a  given  area# 
this  method  isi  at  bosti  Eeriquontitativo ,  It  mst  bo  eephasizod  that 
tho  intensity  of  color  obeorvod  is  influencod  by  tiio  lateral  spread  of 
sweat  after  it  loaves  the  pores.  Theoretically,  thero  is  &  email  rongo 
In  which  the  amount *of  sweat  secreted  we’Old  be  proportional ‘to  the  color 
intensity,  Eo-wovori  in  most  oases  in  vMch  sweating  occurs#  it  is  suf« 
ficlcntly  profuse  to  Exodmally  darken  tho  aroa,  Tho  rate  at  fiiioh  rwcat 
evaporates  from  tho  skin  surface  probably  modifies  tho  results  somewhat. 

Thus#  at  low  humidities#  tho  rapid  evaporation  of  erroat  miglt  ■£ond  to 
give  readings  of  lowor  Intonsity,  In  epito  of  its  limitations#  the 
method  has  proved  very  useful  and  ccrrolatos  well  with  moro  quasititrtivo 
studios  by  other  workors  in  which  water  vapor  was  oollootod  end  weighed, 

85.  It  Is  gonoroily  ocewptod  that#  below  a  dry  bulb  temparoturo  of  85-87® 

F,#  most  lightly  dothba#  rosiing  men  show  active  glandular  sweat  soexx)- 
tlon  oiily  ^*tho  palnsi  soloai  axillM#  and  gonital  regions,  Tho  main 
tody  Bvirfaco,  taidor  those  ooi^ditlonai  ehows  only  cu  rolativoly  email  water 
vapor  loss,  presumably  by  diroct  ovoporation  through  tlw  pkia  (insensible 
perapiration).  Above  85w87®  Ff#  moot  Individuale  Ehow  goiierallzod  active 
sweat  Bcorotlon  over  the  entire  body  Eurfaco#  Tho  tcsrporatvtro  at  which 
gonoralizod  sweating  begins  is  lowered  by  oxoroiso  and  by  wearing  heavy 
clothing,  ITlnslow  and  CoggO  found  that  this  threshold  was  lower  for  ox- 
eroising  men  in  tho  sumcr  than  for  cxorciolr-g  men  in  tho  mntcr  (Amoricon 
Joiarr-al  of  Physiology  13-1  x  64*881,  1341),  This  fact  may  bo  related  to 
tho  difforonco  in  re  suits  of  H  vaper  expos-uros  in  spring  as  connared  with 
rummer, 

85,  A  good  cozTolatlon  between  sweating  end  skin  susceptibility  to  H 
vapor  woa  observed, ’  This  was  well  deacnatratod  when  men  wore  exposed 
at  CT  40Q  at  70®  F„  62^  RH  and  at  CT  3CO  at  90®  F,,  foi.  In  the 

forrser  case,  intonso  erythoca  was  oonfinod  to  tho  codllao,  whoreas  the 
rest  of  tliS  skin  showed  only  ri.  Anal  effects  (non  worcprotectivo  shorts), 
la  tho  latter  case,  tho  non  showed  intense  generalized  orythcra,  oven 
though  tho  CT  of  ©xposuro  was  actually  lower  (Figures  2  cjxi  3#  Plata 
2),  The  excollont  eonrolatioa  of  these  results  with  tho  oxtoat  of  sweat- 
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tns  0^  eo’eae  inrolved  is  «icett  readily  by  occyarison  Yritb  ‘•die  illus¬ 
trations  of  tlis  sROai  tests.  la  Figures  40  and  41,  Plate  12,  it  is  ap¬ 
parent  that  at  70*  f»»  5^  RH,  the  json  were  sweating  only  in  the  axillae 
and  genital  i^sgions,  and  Fip^res  44  and  45,  Plate  12  show  that  generalized 
Bweating  occurred  at  90®  F«,  ^6^  RH* 

87.  Since  85®  F*  is  ^proxinatoly  th«  tjBroerature  above  Tduch  resting 
ne.n  begin  to  show  generalised  ewoatingi  it  was  felt  that  this  would  be  the 
optinum  ter^jeraturo  at  which  to  study  the  influence  of  rolativo  humidity 
on  the  active  secretion  of  sweat  and  on  the  effects  of  exposure  to  H 
vapor.  Sweat  tosts  at *85®  F»,  36^  RH,  gave  results  similar  to^thoso  at 
70®  F»,  51%  RH,  name lyj 'sweating  confined  to  the  axilldo  and  genital  re¬ 
gions  (Figures  46  to  49,  Plato  13) j  whoreas  at  85*  F*,  76^  RH,  the  men 
showed  moderate  generalized  sweating  idiich  approochod  that  at  90®  F., 

52%  RH  (Figures  50  and  61,  Plato  l3),  Similorlyi  •tests  with  H  vapor 
at  CT  300,  85®  F*,  36^  and  77%  RH,  showed^  on  appreciably  greater  inten¬ 
sity  of  erythema  at  -the  higher  RH  (Figures  8  to  13i  Plate  6).  Since  the 
Bweati^  threshold  varies  from  man  to  sson,  it  can  bo  expected  that  at 
86®  F*i  -there  would  be  considerable  individual  variation  in  sweating, 
Havefthelossi  it  is  ovldont  that  elevation  of  humidity  at  -this  torpero- 
-turo,  idiich  does  inoreaso  the  wo-tnoss  of  the  skin,  also  increases  the 
intensi-ty  of  roactioip  to  H  vapor.  It  is  of  interest  -that  "tho  results 
with  -the  lower  RH  at  85*  F,  were  similar  to  -those  reactions  at  a  low 
terpora-turo  (70®  F,),  Tdioroas  -those  at  the  higher  RH  were  similar  to 
-those  at  90®  F, 

68,  Definite  as  is  -the  effect  of  gating  in  increasing  -the  suscepti- 
hility  of  -the  rTH-h  te  H  -vapori  it  m^  bo  modified  by  differonoos  in  re¬ 
gional  Busooptibility*  For  exasplei  -tho  palma  and  solos,  \Mch  are 
sweating  at  -the  lower  tompora-turos  oaplbycd  and  wore  oortalnly  sweating 
at  tho  highfiy  torporaturosi  oro  -very  rosistanfc  to  H  vapor,  Iho  solos 
were  probably  protected  by  -the  shoes,  Tho  skin  of  -tho  uEprotected  palms 
is  in  i-fesolf  more  resistant  than  tho  skin  of  -tho  rest  of  tho  bodyj  Con- 
-vorsolyi  storch-iodino  tests  on  tlw  genital  region  rovool  few  or  no 
sweat  poros  oh  -tho  scrotum  itsolf^  ol-though  -tho  adjacent  *  inguinal,  pubio, 
end  poriiioal  skin  is  richly  provided  with  them;  and  yoti  -the  scrotal 
skin  is  -the  most  suscoptiblo  skin  to  E  -ropor.  It  is  fol-fc  that  theso  ex¬ 
ceptions  ir.  no  -way  vitiate  -tho  -thesis  on  tho  effect  of  sweating  on  -the 
susceptibility  to  H  -vapor  of  tho  skin  of  tho  rest  of  -tho  body  surfooo 
but  rcroly  OEphoaizo  -the  isportonco  of  -the  primary  differonoos  in 
regional  suscoptibili-ty, 

B,  Tho  "Radiator®  Effect. 

89,  It  -was  mentioned  in  ERL  Report  P-2219  that  "in  general,  exposures 
in  tho  largo  chamber  produco  reactions  which  ore  opproxlnately  -twice  os 
so-vero  as  -those  prod\ioed  in  ■tl.';  ’arm  ohaaber*  at  -tho  8ame*CT",  In  "am 
chamber"  exposures  only  tho  forearm  was  exposed  at  90®  F,i  65%  RH  -jdioro- 
oa  the  remainder  of  -tho  body  is  at  70-80®  F,,  20-3C5?  ftH,  In  largo 
chamber  e^^osuros  -the  idiolo  body  is  exposed  to  90®  F,.-  65^  RH.  Expori- 
xsants  in  i^ch  -tho  am  -was  e:qpo8od  at  90®  F«,  65^  RH  in  -tho  am  chombor 
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and  tho  roaa  urns  also  maintained  at  90*  F*,  66jS  HH,  yielded  results 
iMoh  approached  -tdiose  of  the  large  choniber  in  Be-rority#  At  this 
tine  it  was  stated  that  the  rest  of  tho  cody  ".is  capable  of  function-- 
Ing  as  a  'radiator'  and  thus  succeeds  in  altering  the  reactivity  of  the 
exposed  surfaces  and  reduces  tho  severity  of  the  reaction”  when  tho 
body  is  at  a  comfortable  room  ten5>erature  (70*80®  F.)* 

90.  From  the  present  series  of  tests  i't  is  evident  that  the  "radiator" 
effect' is  duo  to  the  fact  that  at  90®  F*,  6^  RH#  gonoralized  erroating 
occiu*s,  Tdioreas  at *70-80®  it  probably  does  not  (or  is  mild).  Th::B, 
in  the  fonacr  case,  tho  exposed  forearma  would'bo  eweating,  but  not  in 
tlio  latter.  *Exposing  tho  whole  body  at  90®  F»,  65%  RH  causes  generalized 
sweating  and,  under  this  condition,  tho  foronrm  in  tho  arm  chamber  reacts 
more  os  it  does  in  tho  largo  chamber  (at  90®  F.  65%  RH)* 

C«  Casualty  Prodviction* 

81.  Tho  many  and  often  ambiguous  connotationa  of  the  word  "casualty" 
moke  a  discussion  of  "casualty  production"  difficult.  For  the  purposa 
of  this  report,  a  man  who  is  unable  to  carry  on  his  coc^lote  duties  as 
a  result  of  coq^osuro  to  a  chemical  warfare  agent,  would  be  a  "casualty". 
In  gonorali  casxialtios  from  H  vapor  are  produced  in  two  ways  which  may 
bo  observed  independently  or  in  combination: 

(1)  Systemic  Effects 

(2)  Local  Effects. 

92 ••  Systemic  Effect s.  Cndojp  tho  conditions  of  tho  tests  ineltded  in 
this  report,  none  of  the  non  shorred  any  systemic  effects*  Ho  aolaiso, 
nausea,  voaaitingi  hoadaoho  or  shock  wore  bbsorved  even  in  tto  mon  with 
Bovoro  goimraiizod  erythema*  Eowovor,  it  must  bo  or^hasizod  that,  for 
tho  most-  port,  the  non  wore  living  undor  tec5>orato  conditions  before  and 
after  exposure  and  were  loading  a  rather  sedentary  eTclstonco*  Tho 
Australian  investigators,  on  tho  ohhor  hand^  in  C»0f  (Australia),  Re¬ 
port  Ho*  65,  dated  18  October  1944i  havo  observed  a  rolativsliy  largo 
number  of  men  showing  systonio  effects  after  oxpoeure  to  H  vapor  ot 
CTs  of  60  to  750*  Thoy  orphasizo  that  thoir  tests  wore  porfomod  tm- 
dsr  tropical  oondltlom?  and  regard  climate  as  on  ispoptont  foptor^ 

93*  Since  many  of  tho  syrptoms  which  are  described  in  tho  litera¬ 
ture  as  systonio  effects  of  H  vapor  may  also  bo  observed  following  stm- 
bum,  thermal  bums  of  heat  exhaustion,  and  since  tmny  of  those  synptons 
nay  have  a  strong  psychic  or  stiggostive  basis,  their  ascription  to  H 
vapor  is  often  quostioBablo# 

94*  Local  Effects*  In  this  series  of  tests,  tho  local  reactions 
xaost  likely  to  bo  casualty  producing  were  observed  in  tho  axillae  end 
on  the  genitalia*  Even  tho  worst  axillory  reactions  could  hardly  be 
eollod  "casualty  producing"*  Pain  on  elevation  of  the  tarn  was  present 
in  the  more  severe  oases,  but  was  never  of  such  a  degree  as  to  hinder 
a  non  sig^ilfleantXy  under  tho  stress  of  cortat*  This  pain  night  he 
BuffloioQt  to  Ikmor  morale  during  routine  octivitios* 
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rU'l^orit'l^’^^S^^tSrthfuslons  «.uld  haw  tovolopod  .ooncr  ddd 
boooma  lauch  noro  sovere* 

96.  Sono  mon  s\iffored  from  generalized  itc^.  ^ 

father.  b«t  this  ^ms  not  of  casualty  producing  mgnitudo. 
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EBMARY  AND  COKaOSIOMS 


!•  Basic  tests,  that  is,  tests  irith  H  •'mper  on  man  wearing  ordinary 
olothlng  and  ta^iroteotod  except  for  nasks  and,  in  somo  oases,  protect 
'tivoehorte,  have  boon  porfonnod  tinder  the  following  exposure  conditions: 


Tine  of  Yoor 

Tesp, 

*  F* 

Relative 
BUmidity  (fo) 

CT 

Jtm.  1945 

100 

55  and  65 

100 

Jan*  1945 

100 

65 

200 

Mar.  -  Apr,  1944 

00 

65 

60  to  250  (300*) 

July  1944 

90 

66 

-  60  to  250 

Hov*  1944 

90 

65 

(300*) 

Ibb*  1945 

85 

35  and  75 

(300*) 

Jon*  1945 

60 

45  azid  85 

200 

Jon*  1945 

80 

65 

300 

Hov.  1944-Jan.  1945 

70 

55 

200  to  600  (600*) 

Jon*  1945 

60 

55 

600  to  600  (600-700> 

*  CC-2  in^regnated  ehorts  wom  during  exposuro  to  H  vapor 

2*  The  system  of  to3dng  readings  and  recording  data  in  use  at  this 
Laboratory  is  described*  It  was  foimd  that  when  the  tenqsorat^ire  of  ex- 
postu^  Was  variedj  the  method  of  taking  the  maximum*  severity  of  re« 
.action,  regardless  of  what  body  region  was  involved^  as  the  index  of  re¬ 
action  to  that  CT#  was  no  longer  applicable*  The  data  from  these  tests 
has  boon  evaluated  and  discussed  in  several  different  ways:  (l)  desc.'ip- 
tionj  (2)  total  damage  index,  in  which  regional  intensity  readings  are 
weighted  on  the  basis  of  the  amount  of  skin  area  involved;  and  (3)  the 
peroentago  of  skLn^area  exposed  showing  moderate  erythema  or  worse* 

5*  The  severity,  type  and  location  of  bums  duo  to  E  VE^or  at  n. 
given  Cl  aro  Inflxionoed  siarkedly  by  the  tos^>erature  of  e:qposure*  JLt 
low  ten^rature^  JSO*  P*  or  below),  tho  bums  ore  localised  and  ore 
limited  mainly  to  the  axillae  end  genitalia*  At  hi^  tesi^^eratures 
(90*  P*  or  obove),  the  bums  ore  generalised  and  cover  most  of  tho  body* 

The  difforenoes  in  reactions  at  high  end  low  tes^eratures,  as  regards 
the  area  of  skin  involved,  is  nicely  depicted  by  the  total  damage  in¬ 
dices  and  peroontoges  of  sldLn  area  showing  moderate  erythooaa  or  worse* 

4*  Prom  H  vapor  exposures  at  90*  F*  and  Cl  260  and  100"  P  ami  CT  200, 
Intense  gemralised  erythema  was  observed  over  most  of  the  body,  with 
Bomtol  reactions  scmerdiat  more  severe*  At  70*  P#  and  CT  600  and  66*  P* 
and  600  CT,  only  modorato  erythema  was  produced  on  most  of  the  body,  but 
aacoration  and.  mild,  crusting  were  produced  In  the  oxillaei  and  severe  vilcer- 
oted  ond  crusted  losiozm  ocourred  on  the  genitalia* 

6*  In  contrast  to  tho  pronounoed  effect  of  tesperature  on  reactions 
of  tho  neck  and  general  body  s\xrfacc,  terporature  of  esposure  did  not  exe^ 
a  marked  effect  on  the  severity  of  bums  of  the  axilla©*  Tesporature  did, 
however,  influence  tho  configuration  of  axillary  bums*  Bums  ocourring  at 
low  temporaturos  involved  primarily  the  control  axilla;  those  at  high  tem¬ 
peratures  usually  ^arod  the  oentrol  oxilla  and  offed-ed  the  xaore  peripheral 
axillary  folds* 
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6a  The  effect  of  the  relative  huaidlty  dirrinf^  exposure  on  the  vealoont 
power  of  E  vapor  on  clothed,  resting  non  was  pronoxmoed  at  85*  F#  which  is 
near  the  average  ter^ioraturo  threshold  for  ger^orolizod  sweating.  The  sane 
effect  of  EH  was  evident  at  90®  Fa  but  was  nf>t  as  pronounced. 

7a  Tests  at  CTs  160,  200  and  260  at  90*  Fa,  65J?  EH,  resulted  la  e^pre- 
oiably  more  severe  reactions  vhen  carried  out  in  summer  than  when  perfomed 
in  the  spring. 

8a  Exposure  to  H  vapor  at  CTs  above  600,  oven  under  teiroerate  conditions 
of  e:q>osura  (60-70®  Fa%  and  ’mder  teiaperate  living  conditions  prodiaoed 
c:rusted  and  ulcerated  lesions  of  the  scrotum  and  penis  in  23  out  of  24  m- 
protected  men.  Those  crusted  lesions  appeared  at  three  (3)  to  fiv©(5)  days 
and  required  three  (3)  to  four  (4)  weeks  to  heal  in  men  at  bod  resta*  Crust¬ 
ed  lesions  of  the  penis  were  less  frequent  and  were  slower  to  appear,  the 
average  beoing  14  days  after  exposure.  CC-2  impregnated  shorts  oonpletely 
protected  ggoinat  genital  injuries. 

9.  Preoooling  men  prior  to  ohamher  e^qposure  norkedly  diminished  the 
severity  of  the  akin  reactions  from  H  vapora  This  moy  bo  one  of  the  factors 
causing  less  severe  bums  in  spring  tests  than  in  summer  tests. 

10.  StppresBloa  of  axillary  sweating  by'protreatnent  of  the  axlllsi  with 

•  aluminum  cMorido  resulted,  in  most  cases,  in  not  only  less  intense  reactions 
to  E  vapor^  bxit  also  in  reactions  involvl^  a  lesser  area. 

11.  Application  of  lanolin  to  the  skin,  shortly  before  chember  e:9q>osure 
to  effective  CTs  of  E  vapori  neither  increased  nor  decreased  the  intensity 
of  the  reactions  of  sweating  or  non-sweating  men* 

12.  Trotting  of  the  skin  with  artificial  sweat  resulted  in  inoreasod.  sever¬ 
ity  of  reaction  to  E  vapor. 

13.  Tests  (6tarch>iodino  method)  carried  out  to  dotomine  sweating  of 
the  different  body  areas  under'  the  aomo  conditions  as  the  H  vapor  exposure, 
ahewed  a  close  correlation  between  the  exitent  of  sweating  and  the  sorcrity 
of  E  bums  produced  on  the  some  areas.  At  low  t^oratxxros  (70®  F.)»  active 
sweat  secretion  was  oonflnol  to  the  palms^  solos^  oxillae^  genital  re¬ 
gion;  with  the  exception  of  the  palms  ond  solos,  tAose  were  the  areas  xaost 
affected  by  H  vapor.  At  hi^  tonporatures  (90*  F*)i  both  sweating  ondlH 
vapor  bums  were  generalized.  The  ^threshold  torporaturo  for  generalized 
sweating  and  susooptibility  to  H  v^or  for  most  of  the  body  ocemrod  between 
80®  and  90*  F.  for  ligjhtly  clothed,  rostii;g  msn. 
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APPENDIX  B 

Calculation  of  the  Total  Damage  Index 

The  following  is  the  method  used  in  calculating  the  total 
damage  index,  using  Test  No. 9  as  an  example: 

It  will  be  seen  from  Table  VII  (Test  No.  9)  that  out  of  seven 
(7)  laen*  three  (3)  sustained  a  mild  erythema  of  the  neck  (nxmerical 
value  ;l),  two  (2)  sustained  a  moderate  erythema  (numerical  value - 
2)  and  two  (2)  sustained  no  burn.  On  a  numerical  basis  for  the 
group,  therefore,  the  average  is  1.0  (3  X  1  2X2 *  1,0),  On  the 

axillae,  one  (l)  had  no  burn  (sO),  four  (ij.)  /had  mild  erythema 
(1^1  n  4)  and  two  (2)  had  severe  erythema  (2X3  S  6)  giving  an  average 
of  l.ij,  (6*1; 0. 10;  7zl*k)*  The  method  is  continued  until  averages 
for  ell  areas  involved  are  obtained. 

The  average  intensities  are  then  multiplied  by  the  ”area  factors 
given  in  Table  I.  Thus,  for  the  neck,  the  intensity  times  the  ’’area 
factor”  is  1,0  X  2,1;^  2,1;,  for  the  axillae,  1.1;  X  2.8::  3*9  etc. 

These  values  (the  damage  indices  for  each  area)  are  listed  in  Table 
VIII,  The  sum  of  the  products,  then,  gives  the  total  damage  index 
for  any  one  test. 


The  following  is  the  method  used  in  calculating  the  percentage 
of  exposed  area  affected,  using  Test  No.  9  un  example: 


It  will  be  seen  from  Table  VII  (Test  No,  9)  that  only  two  (2) 
out  of  seven  (7)  man  sustained  burns  of  the  neck  of  moderate  erythema 
or  worse.  The  two  (2)  is  multiplied  by  the  "area  factor"  given  in 
Table  I  to  give  a  value  of  1;,8.  Similarly  for  the  axillae  2  X  2,8  = 
5*6,  for  the  shoulder  1  X  5*9 "  5*9»  etc.  Those  values  are  listed  in 
Table  IX,  The  sum  of  these  values,  then,  gives  the  total  area 
involved  for  tho  group,  which,  divided  by  the  number  of  men  in  the 
group  gives  the  average  percentage  of  area  involved  per  man. 


FIG.  A- 
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Subjects  423.  424,  425;  70°F.  60*  RH  Test  No.  17 
Subjects  429,  430,  431:  90°F.  65%  RH  Test  No.  23 
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Test  No.  52 
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The  Two  Subjects  on 
The  Two  Subjects  on 


PLATE  5 


■vVjit-Vjii. 


Subject  518 
H  CT  6C0 
60°F.  62%  RH 
Test  No.  30 


Subject  492 
H  CT  500 
70°F.  48%  RH 
Test  No.  28 


Subject  490 
H  CT  500 
70°F.  48%  RH 
Test  No.  28 
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H  CT  600 

FIG.  28* 
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60°F.  62%  RH 

Subject  522 

Test  No.  30 
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H  CT  500 
70°F.  48*  RH 
Subject  467 
Test  NO.  28 
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H  CT  600 

iOO°F.  67%  RH 

6&°F.  62%  RH 

Subject  587 

'Subject  521 

Test  No.  6 

Test  Nc.  30 

PLATE  8 

go'^F.  62%  RH 
SWEAT  TESTS 

masks  and  dungarees  and  were  In  the 
given  atcve.  Starch-iodine  method 


FIG.  50  FIG.  51 

85°F.  75%  RH 
SWEAT  TESTS 

The  men  wore  masks  and  dungarees  and  were  in  the  chamber. one  hour 
at  conditions  given  above.  Starch-iod Ine  method.  Photographed 
immediately  after  test. 
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